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ABSTRACT
g-Diketones exist in a tautomeric equilibrium between the 
enol and the keto forms. The enol form is the most stable because 
of the formation of an intramolecular hydrogen bond. g-Diketones 
in solution at 77K exh ib it changes in th e ir  absorption and phos­
phorescence spectra upon irra d ia tio n  with a powerful UV-visible  
source. The changes observed in the molecule result from rupture 
of the intramolecular hydrogen bond. Once the hydrogen bond has 
been broken a d is trib u tio n  of conformers of the enol is possible. 
The formation of a negative ion can also result from the irra d ia ­
tio n  and a d is trib u tio n  of conformers of the negative ion is also 
possible. CNDO/S-2 calculations on aromatic g-diketones have been 
done in order to help understand the spectroscopy of these 
compounds.
Cyclic g-diketones have also been investigated. The form 
which predominates is dependent upon the size of the ring 
(s tra in ) .  The formation of an intram olecular hydrogen bond in 
some cyclic g-diketones is  not possible. The absorption spectra 
of these diketones in alcoholic , hydrocarbon, acid and basic 
solvent have been investigated. Two phosphorescences from these 
compounds are observed when they are in solution at 77K. Some of 
The observed luminescences are a ttribu ted  to the dissociated 
enolic form.
X I X




3-Diketones exist in tautomeric equilibrium between the enol 
and the keto forms. The enol form is usually the most stable
form when an intramolecular hydrogen bond can be formed. 
6-Diketones can exist in various conformations. The three most 
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Only the U enol can form an intramolecular hydrogen bond. Many 
workers designate th is  form as the c is -enol. Both S and W enol 
forms are designated in many a rtic le s  as the tran s-enol. I t  
should be noted that various S enols could e x is t, the difference  
would depend on whether rotation occurs around a carbon-carbon 
single bond or around a carbon-carbon double bond.
The existence of a tautomeric equilibrium was proposed on the 
basis of chemical data and has been substantiated by NMR studies. 
When Ri R3 two minima that have d iffe re n t depths occur in the 
potential function of the chelated enols; at low temperature two 
isomers might be id en tified  i f  the potential barrier exceeds the 
thermal energy, k l.  When Rg is some electron withdrawing substi­
tuent (e .g . -CN, C^C-CHg) the s ta b ili ty  of the enol form 
increases, but the U enol tautomer is more stab ilized  than the S 
enol tautomer by the formation of an intramolecular hydrogen bond. 
When R% is some bulky group the S enol tends to be stab ilized  more 
than the U enol and the keto form is s ta b ilized .?  These trends 
were c learly  shown by Yoffe and coworkers® and by Tanaka and 
coworkers® fo r 3-substituted-2,4-pentanedione. The formation of 
the S enol by means of internal rotation is inhib ited in the case 
of g-diketones in which intramolecular hydrogen bonds can be 
formed.
Tayyari et al .® have recently studied the infrared spectra of 
a series of g-diketones and reported that the intramolecular 
hydrogen bond strength is related to the nature of the substi-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
tuents Rj and R3. The assymmetric (OH) and the v(C=0) values 
indicated that the strength of the intramolecular hydrogen bond 
increases in the order: hexafluoroacetylacetone < t r if lu o ro -
acetylacetone < acetyl acetone < 2-chloroacetylacetone < benzoyl-  
acetone < dibenzoylmethane < tetraacetylethane. They also 
reported a weakening of the intramolecular hydrogen bond upon 
deuteration to form a deuterium bond.
A symmetric U enol (Ri = R 3 ) could have e ith er a symmetric 
structure 0%̂ , fo r which a single potential well could be 
predicted or an assymmetric structure fo r which a double potential 
well would be expected. Acetyl a c e t o n e a n d  hexafluoroacetyl- 
acetoneii were assigned a Cav structure that was based on electron  
d iffra c tio n  studies. X-Ray studies of dibenzoylmethane favor a Cg 
structure . 12 Gordon and Kools^s did an INDO investigation of 
acetyl acetone and t r i f l  uoroacetylacetone. Their calculations  
predicted a symmetric structure fo r acetyl acetone and an 
assymmetric structure fo r trifluoroacetylacetone respectively. 
Davis did CNDO/2 and CNDO/S calculations on acetyl acetone; his 
calculations suggested a Cg structure. The infrared studies of 
Tayyari et a l . is are consistent with a double minimum proton 
p o ten tia l. Shapet'ko and coworkersiS"i® believe that 6-diketones, 
both symmetric and unsymmetric, have a single minimum proton 
potential w ell. They have studied the i^C NMR spectra of 
6-diketones in the enol form with various substituents, R^, Rg = H 
and R3 . They concluded that the enol-enolic tautomerism with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
d iffe re n t populations of the forms (A) and (B) is absent in 
B-diketones and that the carbon chemical sh ift changes are caused 








KuoS investigated the absorption bands of some aromatic 
B-diketones and assigned the most intense band to an in tra ­
molecular charge transfer tra n s itio n . Chengis also investigated 
the electronic spectra of some a lip hatic  6-diketones that normally 
show one intense band due to intramolecular charge transfer.
The photochemistry and spectroscopy of the compounds 
containing a conjugated chelate system have been investigated by 
M i m s ,20 B rierre2i and W i l l i a m s o n . 22 Kuo  ̂ also investigated the 
photochemistry of the U enols of aromatic g-diketones. He 
observed that 6-diketones in solution at 77K exh ib it changes in 
th e ir  absorption and phosphorescence spectra upon irrad ia tio n  with 
a powerful UV-Visible source. The changes in the spectra of these
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
molecules resulted from rupture of the intramolecular hydrogen 
bond. Two phosphorescences, one blue and the other green, were 
observed. He assigned the blue emission to the benzaldehyde lik e  
portion that results from breaking the hydrogen bond a fte r the 
in i t ia l  observation of the green emission which was assigned to 
the extended molecule. Kuo explained his observations in terms of 
a simple photoisomerization. Gacoin^^ also investigated the 
phosphorescence of some aromatic p-diketones.
Veierov and coworkers^^iZS and Markov and c o w o r k e r s ^ ^ h a v e  
studied the photochemistry of some 3-diketones. The changes they 
observed in the absorption spectra were interpreted to be the 
resu lt of photoisomerization.
Chengis investigated the emission spectra of some a lip hatic  
3-diketones. He made his assignments on the basis of 
photoisomerization and photodissociation.
The enolate ion of 3-diketones has been investigated by both 
resonance theory^s and molecular o rb ita l theory .^9 The ir* <- n 
trans itions  of the enolate ions are red shifted with respect to 
those of the neutral m o l e c u l e s . '3° Ernstbrunner^^ investigated  
the infrared spectrum of sodium acetyl acetone, and he concluded 
that chelation between the ligand and the metal occurs.
T
'3
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B. Cyclic B-Diketones
Cyclic 3-diketones also exist in a tautomeric equilibrium  
between the enol and the keto forms. The size of the ring
0 , -H
(CK
influences the enolization of cyclic B-diketones.3%-34 Four, f i ve  
and six membered 1,3-cyclicalkanediones are characterized by a
high enol fra c tio n . Seven, e ight, nine and ten membered cyclic
3-diketones have a low enol frac tio n .
The enol of these cyclic diketones can exist e ith er as the W
enol or as the U enol. The W enols are characteristic  of the
small ring 3-diketones in which intramolecular hydrogen bond 
formation is s te r ic a lly  impossible. The enols of the larger rings 
(eleven, twelve, e tc .)  exist prim arily as the U enol in which 
intram olecular hydrogen bond formation is possible. The smaller 
cyc lic  -diketones are predominantly enolic even though 
intram olecular hydrogen bonds cannot be formed. The W enols adopt 
a coplanar arrangement which minimizes oxygen-oxygen repulsion and 
maximizes s ta b il iz a t io n .35
81 out et a l . 35 have studied the UV spectra of 1,3-cyclo- 
hexanedione and some of its  derivatives. These compounds in polar 
solvents (e.g.  ethanol) showed a gradual red s h ift as the con-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
centration was decreased gradually; th is  observation is evidence 
fo r the d iffe re n t degrees of ionization that occur in polar 
solvents. E is te rt and Reiss^? confirmed the observation of Blout 
et a l . 36 re la tiv e  to th e ir  UV spectra of the enol form, enolate 
ion and methyl ether of several cyclic B-diketones (fo u r, f iv e , 
and six membered rin gs). They measured the pKa's of the 1 ,3 - 
cycloalkanediones that were found to be re la tiv e ly  strong acids 
(pKa ^2.8 -  'vB.O). E is te rt and Reiss^? consider that the effect 
of the solvent on the keto-enol equilibrium fo r cyclic B-diketones 
that remain in the W form is opposite to Meyer's rule,^®"^^ i . e .  
the hydrophilic solvents must s h ift the equilibrium toward the 
enolic forms and the hydrophobic solvents toward the ketonic 
forms.
Cyr and Reeves^o did NMR studies of 1 ,3-cyclohexanediones in 
chloroform and they concluded that the keto monomer and the enol 
monomer are in equilibrium with the dimer. A sim ilar 
in te rp re ta tion  of th e ir  UV spectra and both proton and ^^0 NMR 
studies of 1 ,3-cyclohexanedione in various solvents at d iffe ren t  
concentration and temperatures was given by Yogev and Mazur.
E is te rt and c o w o r k e r s ^ z  concluded from th e ir  UV and infrared  
studies of 1 ,3-cycloheptanedione that i t  was s lig h tly  enolic. 
E is te rt and Schank^s and Schank et a l . 33 synthesized several 1 ,3 - 
cycloalkanediones in which the rings had eight to twelve members. 
From th e ir  UV, infrared and NMR studies they concluded that the 
enolization tendency is greatly dependent upon the f le x ib i l i t y  of
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the ring and on the conformât!ve e ffe c t. 1 ,3-Cyc1ododecanedione 
and to a lesser extent 1,3-cycloundecanedione give a U enol 
frac tion  and react with fe r r ic  chloride and copper acetate 
solution. 1 ,3-Cyclodecanedione reacted s lig h tly  with the fe rr ic  
chloride and copper acetate solution. Only e-diketones in the U 
enol form are capable of th is  metal chelation. Hunig and Hoch^  ̂
used UV, infrared and NMR spectroscopy to show that the formation 
of the U enol increases with ring size. Recently Taylor**** did NMR 
studies on several re la tiv e ly  large 1 ,3-cycloalkanediones and he 
arrived at the same conclusion as that of Hunig and Hoch.^**
Grens and coworkers**^ studied the infrared spectra of a whole 
series of e-diketones including cyclic 6-diketones and suggested 
that association of a W enol is not cyclic but lin e a r since the 
presence of a substituent alkyl group R in the 2-position of a 
cyclic  e-diketone does not break the association.
C. 2-Acetylcyclohexanone
2-Acetylcyclohexanone belongs to a class of 6-diketones known 
as acetyl cycloalkanones. Thus lik e  any 6-diketone, i t  exists in 
a tautomeric equilibrium . Studies indicate that th is  equilibrium  
is  greatly shifted towards the enol form .3**’**®~‘*^
0  0  ( y H - Q  O 'H
II II T II II ^
r l  j g
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Many workers believe that la  has the lowest potential well%
and is the preferred enolic form because i t  obeys the Brown- 
Brewster-Schechter ru le ‘s® which states that an exocyclic double 
bond destabilizes a six membered ring and s tab ilizes  a five  
membered ring . Gorodetsky et al.**® did an ^^0 NMR study and found 
that ]̂ a is greatly favored over ^b. The enol form of 2 -acety l- 
cyclohexanone is s tab ilized  by the formation of an intramolecular 
hydrogen bond. This compound should have a behavior very s im ilar 
to that of acetyl acetone. The resonance energy of th is  compound 
increases with ionization because of extensive charge delocaliza­
tion  sim ilar to that in the acetylacetone negative ion.
Hunig and Hoch®  ̂ have studied the UV, NMR and infrared  
spectra of a series of acetylcycloalkanones. Their studies showed 
that the ring size affects the degree of eno lization . This 
behavior is expected because the enolization of cycloalkanones is  
dependent on the ring size.?  The studies of Hunig and Hoch®** seem 
to suggest that the larger the ring the smaller is the enolization  
tendency.
In th is  work the absorption and emission spectra of 
B-diketones and th e ir  sodium enolates w ill be reported in order to 
examine the p o s s ib ility  of the formation of a negative ion in the 
excited state by exc itation  of the neutral molecules. The e ffec t 
of ring size on the emission of cyclic  diketones w ill be studied 
al so.
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CHAPTER I I  
EXPERIMENTAL
A. Compounds and Solvents
1,3-Cycloheptanedione, I,3-cyclononanedione, 1 ,3-cyclo- 
undecanedione and 1,3-cyc1otridecanedione were provided by Tommy 
Taylor, a former graduate student in Professor Berg's group of the 
Department of Chemistry, Louisiana State University. Synthesis 
and purifica tion  of these compounds are described in his disserta­
t io n .^4
1,3-Cyclohexanedione, 1,3-cyclopentanedione and 2 -ace ty l- 
cyclohexanone were commercial products of Aldrich Chemical. These 
compounds were used in the form obtained.
Acetylacetone was obtained from Fisher S c ie n tific  Company.
I t  was d is t il le d  before i t  was used.
Dibenzoylmethane was obtained many years ago from the 
research group of the la te  professor G. L. E. Erickson. I t  was 
synthesized and specially  purified by members of that research 
group.
Benzoyl acetone and benzoyltrifluoroacetone were commercial 
products of Eastman Organic Chemicals. They were purified  by 
vacuum sublimation.
Chalcone was prepared by a base catalized aldol condensation 
of benzaldehyde with a c e to p h e n o n e .T h e  product was 
recrys ta llized  several times from ethanol and then from hexane.
10
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I t  had a 57.5°C melting point; the reported 57°C mp indicates that 
the synthesized sample was purer than the reference sample.
P h illip s  pure grade 3-methyl pentane was purified  by means of 
the method described by Jerry Lewis.si Hexane and heptane were 
purified  by s tirr in g  them with fuming su lfu ric  acid for 24 hours. 
Then, the hydrocarbon layer was rinsed successively with water,
10% sodium hydroxide solution and water again. The solvents were 
dried for 24 hours over anhydrous magnesium su lfa te  and then the 
hydrocarbon was d is t il le d  very slowly. Isopropanol was refluxed 
over sodium and then d is t il le d . Absolute ethanol from Aaper 
Alcohol and Chemicals Company and from US Industria l Chemicals 
Company were used without further p u rifica tio n .
Solvents used at liqu id  nitrogen temperature (77K) were
3-methylpentane, hexane, heptane, absolute ethanol, a 1:1:1 
mixture by volume of methanol, ethanol and isopropanol, and EPA a 
5:5:2 mixture by volume of ethyl ether, isopentane and ethyl 
alcohol supplied by Matheson Coleman and B e ll.
An ethanolic solution of approximately 0.4N sodium ethoxide 
was made by dissolving sodium metal in absolute ethanol. The 
concentration was determined by t it ra t in g  an aliquot of the 
solution in d is t il le d  water with O.IOON hydrochloric acid, 
phenophthalein was used as the indicator. A ll solvents formed 
r ig id  glasses at 77K and showed no absorption nor emission in the 
wavelength range studied.
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B. Spectral Measurements
1. Absorption; The absorption spectra of the compounds 
studied were measured by means of the Cary Model 14 recording 
spectrophotometer. Low temperature spectra were obtained by using 
a specia lly  designed c e l l .  Figure 1. The ce ll is made of 
stainless steel and has two s ilic a  windows that can be replaced 
eas ily  i f  they are broken. The cell can be degassed easily  i f  
dissolved gases affect the spectral measurements.
2. Emission: A ll emission spectra were measured by means of 
the Wharton-Hughes spectrophotometer system that was designed by 
Dr. J. H. Wharton and b u ilt  by Dr. E. Hughes. I t  contains both 
excitation  and emission monochromators and is capable of detecting 
very low in tensity  l ig h t. The system is capable of recording 
emissions with quantum yields as low as 1 x 10"^. The system is 
described in deta il elsewhere.14,52-53
The two additions, a Nova 1200 mini computer and a new lig h t 
chopper blade, described by Davis14 were not used in th is  work.
As a re s u lt, a ll the emission spectra reported herein are not 
corrected for photom ultiplier response, variation  in the in tensity  
of the exciting source, nor for the characteristics of the excita­
tion  and the emission monochromators. In addition, a rotating  
dual blade phosphorescope had to be insta lled  in order to obtain 
pure phosphorescence spectra. A 1000 Watt General E lec tric  A-H6 
high pressure mercury arc was used as the source for exciting the 
phosphorescences.
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Figure 1 
Low Temperature Absorption Cell
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CHAPTER I I I  
RESULTS AND DISCUSSION
A. CNDO/S-2 Calculations on Dibenzoylmethane and Benzoyl acetone 
The purpose of this section is to report the results of 
CNDO/S-2 calculations on both the keto and enol forms and the 
negative ions of dibenzoylmethane and benzoyl acetone, on chalcone, 
on 1-phenyl-2-buten~l-one and on 4-phenyl-3~buten-2-one. Calcula­
tions on benzaldehyde, acetophenone and styrene are reported, and 
the results are compared with the experimental results in order to 
test the a p p licab ility  of the CNDO/S-2 method.
Aromatic 3-diketones have not been the object of many ca l­
culations, prim arily due to th e ir re la tiv e ly  large s ize. Grens 
and Vanags *̂* have done calculations on a series of 3-diketones 
including some aromatic 3-diketones by MO-LCAO method with the 
Huckel approximation. A high degree of q u a lita tiv e  agreement 
between experiment and calculations was observed. They studied 
the effect of substituents and 3-diketone structure on th e ir  
e n o liz a b ility . Avdeev and co w o rkers^ s  have done calculations on a 
series of aromatic and a liphatic  3-diketones by means of the 
MO-LCAO method. Their calculations correctly  showed the changes in 
the ^Ai -»■ transition  energy in a 3-diketone series. Gacoin 
and LeclercqSG did CNDO/S calculations on some monocarbonyls and 
on benzoyl acetone in order to study th e ir  phosphorescence spectra. 
In the next section, the results of these calculations on dibenzoyl
15
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methane and benzoyl acetone w ill be used in order to understand the 
photochemistry and the spectroscopy of aromatic g-diketones.
1. CNDO/S-2 Method
CNDO/S method was introduced by Del Bene and Jaffe^? in 
order to correlate calculated transition  energies with electronic 
spectra. An extensive discussion of the CNDO/S method is given 
e l s e w h e r e . 14 The CNDO/S program used in this work is called  
CNDO/S-2 because i t  is an expanded version of CNDO/S in kfiich the 
basis members have been expanded from 100 to 200 and the number of 
centers expanded from 31 to 99.
Th irty  configuration interaction (C l) states were included 
fo r a ll the calculations. Negligible changes are observed when 
more Cl states are included.
A ll calculations are done on isolated molecules for which 
solvent effects and solute-solute interaction are not taken into 
account; consequently care should be taken when calculated results 
are correlated with experimental results .
2. Structure and Geometry
Standard bond angles and bond lengths were used for 
calculations on benzaldehyde, acetophenone and styrene. For 
dibenzoylmethane, benzoyl acetone, chalcone, 1-phenyl-2~buten-l-one 
and 4-phenyl-3-buten-2-one the Ci-Cg-Cg bond angle, the C3-O4 -H7 
bond angle and the O4-H 7 bond length were those that Davis^^ used 
in his calculations on acetylacetone. Otherwise standard bond 
angles and bond lengths were used. Figures 2, 3, 4 and 5 give the
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Figure 2
Structure and numbering system for Benzaldehyde, Aceto­
phenone, Styrene, Dibenzoylmethane (enol, keto and anion) and 
trans Chalcone
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Figure 3
Structure and numbering system for Benzoyl acetone (enol, keto 
and anion) 1-Phenyl-2-buten-l-one and 4-Phenyl-3-buten-2-one



















Bond lengths in A and angles in degrees that were used in the 
calculations on the keto and enol forms and negative ion of 
Dibenzoylmethane and on Chalcone
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Figure 5
Bond lengths in A and angles in degrees that were used in the 
calculations on the keto and enol forms and negative ion of 
Benzoyl acetone, 1-Phenyl-2-buten-l-one and 4-Phenyl-3-buten-2-one
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structure and geometry of the compounds studied. Calculations on 
dibenzoylmethane were res tric ted  to the U and S forms to avoid 
s te ric  interaction that occurs in the W form. The S conformation
can be achieved by rotation about the C1-C2 or the Cg-Cg single
bond by 180° ( in the S form the Ci-Cg-Cg angle becomes 125°).
The W conformation is obtained by simultaneous rotation around the 
C1-C2 and the C2-C3 single bonds by 180° (in  the W form the 
C1-C2-C3 angle becomes 133° in the keto case and 130° fo r the 
negative ion and the enol form).
3. Electronic Transitions of Benzaldehyde and Acetophenone
The predicted transitions for benzaldehyde and aceto­
phenone are given in Table I .  The calculated absorptions are 
compared with the experimental resu lts . Comparison of the experi­
mental results with the calculated data shows that the n* + n 
transitions are predicted to be lower in energy than that 
observed. The CNDO/S method normally predicts low energies for 
ÏÏ* t- n tra n s itio n s .58 a correction^** of about 11500 cm"i to the 
calculated resu lt is needed to account for the lowest n* + n 
trans ition  of a lip hatic  monocarbonyls (e .g . formaldehyde and 
acetone). The calculated n* •+• n transitions of the aromatic mono­
carbonyls given in Table I need a correction of approximately 3500 
cm -i. The calculated lowest it*  tt trans ition  for benzaldehyde 
and acetophenone is s lig h tly  higher than that observed, but not as 
high as that for formaldehyde for which the lowest u* ■«- u occurs 
at 60,000 cm-i and the predicted trans ition  is at 86000 cm“ .̂
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Thus the transition  energies predicted for aromatic monocarbonyls 
seem to be closer to the experimental values. The s in g le t-tr ip le t  
energies are predicted to be lower than those that are observed, 
but again the calculations seem to be much better in the case of 
aromatic monocarbonyls than in that of a liphatic  monocarbonyls.
The TT* n transitions for the lowest t r ip le t  is predicted to be 
very close to the tt*  n for the lowest s ing let.
4 . Electronic Transitions of Styrene
The calculated transitions for styrene are given in Table
I I .  The transitions are correlated with the experimental results  
for styrene in the gas phase.6? The calculated and observed 
transitions are in very close agreement. This agreement is not 
surprising because CNOO/S parameterization was done to f i t  benzene 
and nitrogen containing isoelectronic analogs.s?
5. Electronic Transitions of Dibenzoylmethane 
5a. Keto Transition
The calculated transitions for the keto form of 
dibenzoylmethane are given in Table I I I  along with the o sc illa to r  
strengths and the primary orb ita l component of each tra n s itio n .
The lowest s ing le t-s ing le t n* + n trans ition  occurs at an energy 
sim ilar to those for benzaldehyde and acetophenone. The second 
lowest TT* t- n trans ition  energy of dibenzoylmethane (U keto form) 
is also predicted to have a trans ition  energy which is very 
sim ilar to those of benzaldehyde and acetophenone. I t  is quite  
possible that these two transitions could occur at the same energy
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as that of the ir* -s- n trans ition  for acetophenone. Davisi** 
arrived at a sim ilar conclusion after considering the CNDO/S 
calculations of acetyl acetone and acetone. The calculated 
o s c illa to r strengths for the two lowest it* n transitions are 
basically  zero. The two lowest n* f- it transitions are predicted 
to occur at approximately the same energy, Wiich is very close to 
the lowest it* -t- it trans ition  predicted for acetophenone and 
benzaldehyde. Thus i f  the absorption of the pure keto form of 
dibenzoylmethane could be observed i t  should be very sim ilar to 
that of both acetophenone and benzaldehyde. The lowest t r ip le t  of 
the U keto form of dibenzoylmethane is it* n. Its  energy is very 
close to that of the lowest singlet n* + n tra n s itio n .
Table I I I
Predicted Transitions of the U Keto Form of Dibenzoylmethane
Transition Energy(cm-i) x(nm) Osc.St. Primary Component
Si +  S ̂ 0 24212.1 413.0 0 .00
It* n
S 2 S  ̂ 0 25337.4 394.7 0 .00 It* -t- n
S 3 S  ̂ 0 37340,7 267.8 0.00 It* It
Si. S  ̂ 0 37375.2 267.6 0.00
It* IT
Ss ^ 44901.1 222.7 0.19 It* -T- n,ir®
S; + S, 45533.4 219.6 0.06 It* ■<- n
T l + So 23876.0 418.8 It* -T- n
a) The percentage of it* <- n and it* It o rb ita l components are
50% each.
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5b. Enol Transitions
The calculations for a ll the enol forms of dibenzoyl­
methane predict a zero o sc illa to r strength for the low energy 
7T* -f- n tra n s itio n . This Is calculated to occur around 475 nm.
5bl. U Chelated Enol Forms ( I l a - I Id )
A ll the U chelated enols of dibenzoylmethane 
have a zero o sc illa to r strength for the low energy n tra n s i­
tio n . This trans ition  Is calculated to occur above 470 nm. The U 
chelated enol form I la  (see Figure 4) Is the only one for which a 
TT* -f- TT trans ition  Is predicted to occur In the 322.6 nm region 
where I t  has an o sc illa to r strength of 0.39. In the cases of the 
other chelated enols a n * + %  transition  with a re la t iv e ly  large 
o s c illa to r strength Is calculated to occur at higher energies In 
the 283-290 nm region. The second n* + n tran s itio n  for the 
chelated enol I la  with a non-zero o sc illa to r strength (0 .05) was 
calculated to occur In the at 239.0 nm. An t t *  -t- n tran s itio n  of 
the other U chelated forms was predicted to occur In the 231-235 
nm region. A non-zero o sc illa to r strength t t *  ■«- n trans ition  for 
the chelated enol form I la  Is calculated to occur at 229.6 nm.
Thus I t  seems that a certain geometry Is needed In order to have a 
TT* TT trans ition  In the 320 nm region. The lowest t r ip le t  for 
a ll the chelated enols Is predicted to be u* f- n type and I t  Is 
predicted to occur at the same energy as the lowest s in g le t-  
sing let tran s itio n s . Table IV summarizes a ll the trans itiona l 
energies and the o s c illa to r strengths for a ll the transitions of
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Table IV
Predicted Transitions for Various Chelated Enols of Dibenzoylmethane
(see Figure 4)
fransition Energy(cm-i) x(nm) Osc. St. Primary Component
lated Enol I la
Si +  S
 ̂ 0
17853.4 560.1 0 .00 ir* n
So s
0
31002.8 322.6 0.39 ir* ■<- TT
s ,  +  s
 ̂ 0
33805.9 295.8 0.00 n* +  n
Sk +  s
 ̂ 0
36687.0 272.6 0 .00 I T *  IT
Ss +  S, 37711.2 265.2 0 .00 TT* -f- n
Se ^ 41832.4 239.0 0.05 I T *  TT
So +  s
'  0
43548.4 229.6 0 .10 T T *  ■«- n
Sg 4- 43670.7 228.9 0 .00 T T *  TT
Sg +  S
 ̂ 0
44587.0 224.3 0 .00 T T *  •<- TT
Sio ^ 44603.0 224.2 0 .03 T T *  TT
S i i  ^ 45885.1 217.9 0 .00 TT* •<- n
T i  +  S 
 ̂ 0
17853.4 560.1 TT* n
To +  S 
^ 0
23284.0 429.5 T T *  TT
ated Enol Ilb
S i  ^  S 
 ̂ 0
20908.6 478.3 0 .00 TT* T- n
So ^  s 
^  0
35270.6 283.5 0 .40 T T *  •<- TT
s ,  +  s
 ̂ 0
35769.1 279.6 0 .00 T T *  - f -  TT
37403.5 267.4 0 .00 TT* ■«- n
Ss ^ 38231.7 261.6 0 .00 T T *  -T - TT
Se ^  S^ 43292.5 231.0 0 .02 TT* ^  n
So +  s 44622.0 224.1 0 .00 TT* n




A(ntn) Osc. St. Primary Component
Sg 44528.8 224.1 0.09 I T * ■<- TT
Sg ^ Ŝ 46192.8 216.5 0 .00 T T * TT
T, S 
 ̂ 0 20908.6 478.3 I T * 1- n
T , + S ̂ 0 22264.3 449.1 I T * TT
lated Enol l ie
S, + S ̂ 0 21067.6 474.7 0 .00 T T * n
s ,  + s ̂ 0 34543.9 289.5 0.39 T T * ■«- TT
s ,  + s . 36104.8 277.0 0 .00 T T * TT
Si, 4. S^ 36621.6 273.1 0 .00 T T * TT
Ss ^ 37322.3 267.9 0 .00 T I * n
Se 42502.8 235.3 0 .02 T t * ■«- n
Sy 4- S' 0 43946.7 227.5 0 .00 T t * TT
Sg 44862.3 222.9 0.09 T t * ■<- TT
Sg 4- S  ̂ 0 46335.2 215.8 0 .00
T I * TT
T i 4-S  ̂ 0 21067.6 474.7 T I * n
T 2 4- S  ̂ 0 22476.4 444.9
T I * TT
ated Enol Ild
S, 4- S  ̂ 0 20127.0 496.8 0 .00 T T * ^ n
S, + S ̂ 0 34516.7 289.7 0.38 T T * ■<- TT
s , +  s ̂ 0 35595.9 280.9 0 .00 T T * 4- n
Sk + s ̂ 0 36150.6 276.6 0 .00 T T * 4 -  TT
Ss + So 37322.3 267.9 0 .00 T T * 4- n
Ss + =0
42474.9 235.4 0 .02 T T * 4- n
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Table IV (continued)
Transition Energy(cm“ i) x(ntn) Osc. St. Primary Component
s ,  +  s
'  0
43188.4 231.5 0.00 i r *  - f -  n
Sg ^ 44917.8 222.6 0.08 i r *  TT
Sq + S
 ̂ 0
45491.6 219.8 0.00 I T *  ■<- Ï Ï
Ti ^ S
^  0 20127.0 496.8 T T *  ■«- n
To ^  S 
^  0 22561.7 443.2 I T *  TT
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a ll the chelated enols. I t  should be remembered that these 
calculations give results for isolated molecules. Transitions 
with zero o sc illa to r strength may be allowed when the molecule is 
in a liqu id  solution.
5b2. Unchelated Enols ( I l i a ,  I l lb  and IV)
A TT* ■(- n transition  around 455.0 nm is 
predicted to give the lowest excited singlet of the U unchelated 
enols I l i a  and I l lb ;  i t  has an o sc illa to r strength of zero. A 
TT* ■«- TT trans ition  around 277 nm with a re la tiv e ly  large osc illa to r  
strength, 0 .40 , is predicted for the unchelated enols I l i a  and 
I l l b .  The trans ition  to the lowest t r ip le t  state of enols I l i a  
and I l l b  is predicted to be a ^ n trans ition  and to the second 
lowest t r ip le t  state for these enols is degenerate with the lowest 
s in g le t-s in g le t s tate . The change that occurs in the orbital 
component of the trans ition  to the t r ip le t  state of the enols of 
dibenzoylmethane when chelation is not possible is interesting; 
there is an inversion of the principal o rb ita l contribution.
Calculation of the transitions of the S enol form IV of 
dibenzoylmethane predicts an absorption ( t t *  t t )  which is greatly  
redshifted with respect to that of the U unchelated enols. Its  
lowest s in g le t-s in g le t trans ition  is a % * + m  type and i t  occurs 
at 785.3 with an o sc illa to r strength of 0.08. For the enol IV 
only one n* n trans ition  is predicted and i t  occurs at 278.0 nm 
with an o s c illa to r strength of 0.04. The lowest s in g le t-tr ip le t  
trans ition  is greatly redshifted. I t  is estimated to occur at
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3388.9 nm and i t  is a it*  it tra n s itio n . Table V gives the 
results of calculations for the unchelated enols of dibenzoyl­
methane.
5b3. Enol-90 V
Calculations of the transition  of th is  confor­
mation of the enol form of dibenzoylmethane was done because i t  
could be re la tiv e ly  stable in the excited state . In th is  conform­
ation , the benzoyl moiety is perpendicular to the plane of the 
molecule. The results of calculations on enol-90 are given in 
Table V I.
5c. Anion Transitions
The lowest singlet %-* + % transition  of the U anion 
of dibenzoylmethane is predictd to occur at 437.6 nm and to have 
an o s c illa to r strength of zero. Thus the trans ition  of the anion 
of dibenzoylmethane is predicted to be redshifted with respect to 
that of the enols (except enol IV ). The lowest s in g le t -t r ip le t  
trans ition  is predicted to be a n* +  n type. The results from 
CNDO/S-2 calculations are given in Table V I I .
6 . Electronic Transitions on Chalcone
Calculations were done on Chalcone in order to compare the 
results with those of the U unchelated enol of dibenzoylmethane 
because both should exhibit sim ilar transitions and sim ilar 
energies. The calculations given in Table V I I I  confirm this  
conclusion. Thus the absorption spectrum of pure U unchelated 
enol should resemble that of chalcone.
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Table V
Predicted Transitions for Various Unchelated Enols of Dibenzoyl­
methane (see Figure 4)
T r a n s i t io n E n e rg y (c m -i) A(nm) Osc. S t . P r im ary  Component
U nche lated  Enol I l i a
S, +  S
 ̂ 0
2 18 44 .5 4 5 7 .8 0 .0 0 IT* n
$2 S 
^  0
3 54 18 .4 282 .3 0 .0 0 ir* n
So ^  s 
 ̂ 0
3 60 49 .2 277 .4 0 .4 0 IT* ■«- IT
Sh 4- S 
 ̂ 0
3 74 88 .7 266 .7 0 .0 0 IT tr,n
4 04 50 .5 247 .2 0 .0 0 IT* -f- n
Sg ^ 4 4 1 1 6 .8 226 .7 0 .1 0 IT* ir
s ,  +  s
'  0
4 43 98 .7 225 .2 0 .01 TT* H
S .  +  s
G 0
4 66 69 .9 214 .3 0 .0 0 It* ÏÏ
T \  +  S 
 ̂ 0
2 11 40 .0 4 7 3 .0 ir* ■<- TT
Tg +  S
^ 0
21844 .6 4 57 .0 IT* n
U n ch e la ted  Enol I l l b
S ,  +  S
 ̂ 0
21942.1 455 .7 0 .0 0 ir* n
Sg +  S
^  0
35368.1 2 82 .7 0 .01 IT* n
Sq +  S
 ̂ 0
3 59 96 .9 2 77 .8 0 .4 0 IT* IT
3 74 82 .0 2 66 .8 0 .0 0 U* IT
Ss ^ 4 07 86 .4 245 .2 0 .0 0 n* n
4 40 56 .5 2 2 7 .0 0 .11 IT* 4- TT
Sg +  s
'  0
4 43 72 .4 225 .4 0 .01 if* •<- IT
*  s . 4 6 8 1 9 .5 213 .6 0 .0 0 if* IT
s .  » s 
 ̂ 0
46970.1 2 12 .9 0 .2 0 if* IT
T ,  -e S 2 10 29 .4 4 75 .5 if* IT
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Table V (continued)
Transition Energy(cm~i) A(nm) Osc. St. Primary Component
T , + S 21942.1 455.6 tt*  h- n ̂ 0
S Enol IV
S i  ^  s 
^  0 12734.1 785.3 0.00 ir* 4- 17
s , +. s
^  0 17860.0 559.9 0.28 ir* 4- IT
s ,  +  s ̂ 0 26135.7 382.6 0.01 ir* 4- TT
S. +  s^ 0 28506.7 350.8 0.08 ir* 4- TT
Ss ^ 32393.5 308.7 0.00 ir* 4- Tr
Se  ^  S^ 33936.7 294.7 0.03 ir* 4- ir
s ,  +  s' 0 35977.7 278.0 0.04 ir* 4- n
Sg 4- S^ 38893.3 257.1 0.13 ir* 4- Tr
Sq 4- S  ̂ 0 41811.6 239.2 0.03 11* 4- Tr
^10 ^ 42503.4 235.3 0.04 ir* 4- Tr
^11 ^  So 45557.8 219.5 0.00 n* 4- Tr
T , 4- S  ̂ 0 2950.9 3388.9 n* 4- Tr
T ,  4- S 
^  0 10606.2 942.8 n* 4- Tr
a) The percentage of + n  and ti*  f- ir o rb ita l components are 
50% each.
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Table VI
Predicted Transitions for Enol-90
(see Figure 4)
Transition Energy(cm'i) A(nm) Osc. St. Primary Compi
Si ^ s^ 26847.8 372.5 0.00 n* + n
Sz + 35034.5 285.4 0.00 ir* TT
S3 ^  Ŝ 37005.1 270.2 0.00 T T *  •<- IT
37186.8 268.9 0.02 I T *  TT
S5 ^  s^ 37821.1 264.4 0.32 T T *  -T - TT
Se + 41885.2 238.7 0.00 T T *  TT
S7 ^  Ŝ 44957.0 222.4 0.12 T T *  TT
Sa + Sg 45767.4 218.5 0.00 n* + n
T i "  So 18571.7 538.4 T T *  TT
Tz +  S, 23345.4 428.3 TT* -f- n
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Table V II
Predicted Transitions for the U Anion of Dibenzoylmethane
Transition Energy (cm“ i)  x(nm) Osc. St. Primary Component
s ,  +  s
 ̂ 0
22853.0 437.6 0 .00 u* 4- TT
s ,  +  s
 ̂ 0
24889.8 401.8 0 .00 TT* 4- IT
s ,  +  s
 ̂ 0
26064.9 383.7 0.11 IT* 4- IT
Si* ^ 29117.6 343.4 0 .0 0 TT* 4- IT
Ss 30329.7 329.7 0.01 IT* n
= 6 +  S , 30511.0 327.8 0 .00 TT* 4- n
s? +  s
'  0
36657.5 272.8 0 .00 TT* 4- n ,n
Sg 4- S^ 36674.2 272.7 0 .00 TT* 4- n
Sg ^  S 
 ̂ 0
39414.8 253.7 0.00 TT* 4- n
S io  ^ 39638.6 252.3 0 .10 TT* 4- TT
S i i  +  s . 40599.1 246.3 0 .00 TT* 4- TT
S i2  ^  Sq 41422.1 241.4 0 .07 TT* 4- TT
S l3  ^ 41490.5 241.0 0 .1 0 TT* 4- TT
S ii*  ^  S q 45689.4 218.9 0 .33 TI* 4- tt
T .  +  S 
 ̂ 0
18031.0 554.6 TI* 4- tt
T ,  4- S 
 ̂ 0
22853.0 437.6 11* 4- tt
The percentage of +  n and TT* 4- TT o r b i t a l components are
50% each.
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Table V I I I
Predicted Transitions for trans-Chalcone
Transition Energy (cm 'i) A(ntn) Osc. St. Primary Component
S1 S  ̂ 0 22132.6 451.8 0.00 ÏÏ*  n
So s  ̂ 0 35334.5 283.0 0.00 T T *  IT
S3 + 36793.5 271.8 0.45 Ï Ï *  IT
37342.4 267.8 0 .00 ir* tr
S5 ^ 42300.8 236.4 0 .00 ir* ir
Se S^ 43748.9 228.6 0.11 IT* ir
S 7 ^  s^ 45607.7 219.3 0 .00 IT* n
Sg ^ 47669.2 209.8 0.22 n* + n
T 1 +  So 21297.7 469.5
n* ■<- ir
T 2 ^Sq 22132.6 451.8 IT* -f- n
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7. Electronic Transitions on Benzoyl acetone 
7a. Keto Transitions
The calculated transitions for the various keto forms 
of benzoyl acetone are given in Table IX along with the o sc illa to r  
strengths and the primary orb ita l components of each tra n s itio n . 
The predicted transitions for the U keto form are very sim ilar to 
those of dibenzoylmethane. Thus the pure absorption from benzoyl- 
acetone should be s im ilar to that from dibenzoylmethane. Calcula­
tions also predicted that the absorption from the S keto form 
should be sim ilar to that of the U form. The W keto form 
absorption is predicted to d if fe r  greatly from that of the U and S 
keto forms. For the W keto form a low energy tt*  n  trans ition
that has an o sc illa to r strength of zero is predicted to occur at
852.3 nm. The lowest tt*  -t- n trans ition  is calculated to occur at
384.3 nm and i t  is blue shifted with respect to those of the U and 
S keto forms. The lowest t r ip le t  is predicted to be a n* + n 
tra n s itio n , vAiich is a prediction d iffe re n t of the other keto 
forms.
7b. Enol Transitions
7bl. U Chelated Enol ( I I - I I I )
A ll the chelated enols have a n* + n transition  
that gives th e ir  lowest s inglet s tate . The chelated enols I la  and
I l i a  are the only ones for which a ir* ■«- u trans ition  around 280 nm
is calculated (281.4 and 282.9 nm respective ly ). The o sc illa to r  
strengths for these two transitions are 0.22 and 0.30 respectively.
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Table IX
Predicted Transitions for Various Conformations of the Keto Forms of
Benzoyl acetone (see Figure 5)
Transition Energy(cm“ i) x(nm) Osc. St. Primary Component
Ceto Form la
S, +  S
^  0
23137.3 432.2 0 .00 n *  +  n
s ,  +  s
^  0
25420.2 392 .4 0 .00 IT* -f- n
s ,  +  s
^  0
36869.0 271.2 0 .00 I T *  Tr
s ,  »  s .
44794.1 223.2 0 .00 n *  +  n
s ,  »  s
^  0
44946.1 222.5 0 .14 T T *  i r
Sg 4- 46677.3 214.2 0 .00 n *  +  n
T, ^  S 
 ̂ 0
23061.1 433 .6 I T *  * -  n
To ^  S 
^  0
23125.3 432 .4 TT *  TT
[eto Form Ib
S i  +  s . 22267.0 449.1 0 .00 TT* n
$ 2  ^ 27094.6 369.1 0.00 TT* -f- n
s ,  +  s . 36872.4 271.2 0 .00 T T *  TT
S4 ^  S ^ 44883.3 222.8 0 .14 T T *  TT
S 5  ^  Ŝ 45252.7 221.0 0 .00 T T *  -T - tt
Ss + 46936.2 213.1 0 .00 T T *  < -  n
T i "  S , 22260.4 449.2 T T *  * •  n
Tz +  S, 23234.0 430.4 T T *  tt
eto Form Ic
S i  +  s . 11736.5 852.3 0 .00 T T *  TT
Sz ^  S ^ 22556.6 443 .3 0 .00 T I *  * -  TT
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Table IX (continued)
Transition Energy(cm"i) A(nni) Osc. St. Primary Compc
S3 ^ s^ 26020.7 384.3 0 .00 ÏÏ* n
S4 + 27399.2 365.0 0 .00 TT* ir
S5 ^ s^ 32360.2 309.0 0 .00 ÏÏ* n
Ss + S, 36279.7 275.6 0.02 ir* TT
S 7  ^ S ^ 38886.2 257.1 0 .00 IT* n
Sa + 43028.0 232,4 0.08 T T *  4 -  TT
Sg + 44561.7 224.4 0.06 T I *  TT
Sio ^ 44582.9 224.3 0 .00 TT* n
S i i  ^ 47492.9 210.6 0.63 T T *  ■<- TT
T l + So 11714.9 853.6 T I *  TT
Ï 2  ^ S^ 22554.7 443.4 T T *  TT
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For the other two chelated U enols ( l ib  and I l lb )  a n* + n tran­
s itio n  is predicted to occur at higher energies and to have 
o s c illa to r strength of 0.22 and 0.32 respectively. Just as in the 
case of dibenzoylmethane, a particu lar geometry is needed in order 
to have a w* + m transition  above 280 nm. A ll chelated U enols 
with the exception of I l l b  have a tt*  t- n trans ition  that gives the 
lowest t r ip le t  state that occurs at the same energy as that of the 
lowest singlet state. These transitions are expected to occur at 
wavelengths above 470 nm. For enol I l l b ,  its  lowest t r ip le t  is 
calculated to occur at 498.2 nm and i t  is a ir* n tra n s itio n .
The second lowest t r ip le t  for I l lb  results from a ir* n tra n s i­
tion and is degenerate with its  lowest s ing le t. In Table X are 
given the results of various transitions predicted for the 
chelated enol forms of benzoyl acetone.
7b2. Unchelated Enols ( IV -V II)
For the U unchelated enol IV , the lowest 
singlet is predicted to be a n* + n trans ition  that has a zero 
o s c illa to r strength. The most intense trans ition  for enol IV 
should occur at 237.9 nm and i t  should be a t t *  n transiton . The
lowest t r ip le t  is predicted to occur at 490.2 nm (n* ■>- n ).
The lowest transition  calculated for enol V occurs at 423.8 
nm and its  o sc illa to r strength is zero. Its  main orb ita l com­
ponent is TT* -e IT. An absorption at 274.2 nm that has an 
o s c illa to r strength of 0.34 is predicted for the U unchelated enol 
V. The lowest t r ip le t  for th is  enol results from a n* + % tra n s i­
tion that occurs.at 559.7 nm.
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Table X
Predicted Transitions of Various Chelated Enols of Benzoyl acetone
'ansition Energy(cm-i) x(nm) Osc. St. Primary Component
lated Enol I la
S, +  S0 20861.6 479.4 0.00 TT* n
Sm + S
0
35541.7 281.4 0.22 T I *  <- IT
S , + S ̂ 0 36586.5 273.3 0.01
TT* n
S. + s ̂ 0 36956.2 270.6 0.00 T T *  ir
Ss ^ 42819.7 233.5 0.00 TT* n
Se ^ 44436.5 225.0 0.00 T T *  TT
s? + s' 0 45102.1 221.7 0.05 T T *  TT
Sg 4- 47335.0 211.3 0.11 T T *  IT
Ti + S  ̂ 0 20860.9 479.4 TT* n
T ,  + S ̂ 0 23058.0 433.7
T I *  ■*- TT
lated Enol l ib
S, + S
 ̂ 0
20358.2 491.2 0.00 TI* n
s ,  +  s
 ̂ 0
36696.4 272.5 0.00 TT* ^ n
s ,  +  s
 ̂ 0
38115.6 262.4 0.22 T T *  TT
S. + s ̂ 0
38374.6 260.6 0.00 T T *  +  TT
Sc ^ s
0
43303.7 230.9 0.00 TT* f  n
Sg 4. 44447.5 225.0 0.00 TT* n
s ,  +  s
' 0
45001.4 222.2 0.07 T T *  TT
T, + S 
 ̂ 0
20357.9 491.2 TT* f- n
T , +  S
 ̂ 0
23154.5 431.9 T T *  TT
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Table X (continued)
Transition Energy(cm"i) x(nm) Osc. St. Primary Com;
Chelated Enol I l i a
Si ^ 22000.5 454.5 0.00 Tr* ^ n
Sz + 35351.5 282.9 0.30 TT* •<- ir
S3 + 36049.1 277.4 0.00 n* + n
Sit ^  Ŝ 36316.1 275.4 0.00 ir* TT
S5 ^ Ŝ 44934.4 222.5 0.01 n* + n
Se + 45120.9 221.6 0.00 7f* 1- n
S? + 46687.3 214.4 0.06 tr* ■«- ir
Tl "  So 21123.6 473.4 ir* n
Tz ^ 21998.0 454.6 IT* -t- n
Chelated Enol I l lb
Si + S ̂ 0 22274.0 449.0 0.00 TT* 4. n
Sg + s ̂ 0 35895.4 278.6 0.00 TT* 4- n
s ,  +  s
 ̂ 0
36111.5 276.9 0.32 TT* 4- n
S  ̂ s^ 37334.0 267.9 0.00 TT* 4- Tf
S5 1- s 
 ̂ 0
46089.7 217.0 0.01 TT* 4- n
Sg ^ S ° 0 47339.4 211.2 0.11 TT* 4- ir
T i +  S
0
20070.5 498.2 TT* 4- ir
Tz + S
0
22269.7 449.0 ir* 4. n
a) The percentage o f tt*  *<- n o rb ita l component is  56%.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
Calculations on enols VI and V II were also carried out. Enol 
VI is predicted to have a u* ■«- ir transition  to give the lowest 
singlet at 411.0 nm with an o sc illa to r strength of zero. The 
lowest TT* n trans ition  occurs at 270.8 nm with an o sc illa to r  
strength of 0.38. The lowest t r ip le t  for th is  enol results from a 
n* ^ n type transition  which should occur at 563.3 nm. Enol V II 
is predicted to have an absorption in the v is ib le  region of the 
spectrum to give its  lowest s ing le t. This transition  (830.9 nm) 
should be a w* + n trans ition  that has an o sc illa to r strength of 
0.05. The absorption of enol V II should exhibit several 
transitions that should be red shifted with respect to those of 
the other enol forms. The trans ition  to the lowest t r ip le t  is a 
TT* TT. The results of calculation on the various unchelated 
enols are given in Table X I.
7c. Anion Transitions
Calculations were done on the negative ions of 
benzoyl acetone in the U and S conformations. The lowest -n * - n  
trans ition  for the U anion is predicted to occur at 475.4 nm and 
has an o sc illa to r strength of zero. The anion spectrum should be 
red shifted with respect to that of either the keto or the enol 
forms (except enol V I I ) .  The lowest s in g le t -t r ip le t  trans ition  
should occur at 527.6 nm and i t  should be a it* ir tra n s itio n .
The CNDO/S-2 results are given in Table X II along with results 
from two calculations on two 5 form anions.
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Table XI
Predicted Transitions for Various Unchelated Enols of Benzoyl acetone 
Transition Energy(cm"^) x(nm) Osc. St. Primary Component 
Enol IV
Si ^  s 
 ̂ 0 21652.3 461.8 0.00 T T * -e- n
s ,  + s ̂ 0 35828.0 271.5 0.00 T T * n
s ,  +  s ̂ 0 41783.3 239.3 0.00 T T * TT
Sj. 4- S 
 ̂ 0 42033.2 237.9 0.20 T T * ■*- n
S5 ^ 44671.2 223.9 0 .10 T T * ■*- TT
Se + 45533.6 219.6 0.00 T T * 4- n
T 1 S
0
20399.2 490 .2 T T * 4- n
T ,  + S
0
21652.3 461 .8 T T * TT
V
Si + s ̂ 0 23598.1 423.8 0.00 T T * ■<- TT
s ,  +  s
0
35358.9 282.8 0.00 T T * •<r TT
So ^ S 
 ̂ 0 36466.7 274.2 0.34 T T * 4- n
Si, 4. s^ 41148.3 243.0 0 .00 T T * 4- n
Ss +  S, 46927.3 213.1 0.09 T T * 4 -  TT
Ti + S
0
17865.5 559.7 T T * TT
To ^  S 
^ 0
23591.4 423.9 T T * 4- n
VI
s ,  +  s
^  0
24334.0 411 .0 0.00 T T * ■*- TT
S 0  s 
^  0 35376.6
282.7 0 .00 T T * 4 -  TT
S3 ^  S^ 36930.0 270.8 0.38 T T * 4- n
s^ ^  s^ 43591.9 229.4 0 .00 T T * n
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Table XI (contin ued)
Transition Energy(cm-i) A(nm) Osc. St. Primary Component
Sc +  S
 ̂ 0 46976.1 212.9 0.09 I T *  ■<- T f
Ti +  S 
 ̂ 0
17752.7 563.3 T T *  TT
T, +  S ̂ 0 24327.1 411.1 T T *  T f
Enol V II
S, +  S
 ̂ 0
12034.5 830.9 0.00 T T *  TT
s , +  s
 ̂ 0
12833.3 779.2 0.05 T T *  ■<- TT
s , + s
 ̂ 0
20226.8 494.4 0.08 T T *  -T - TT
 ̂ 0
25317.3 395.0 0.00 T T *  TT
Sc +  s
 ̂ 0
27605.0 362.2 0.00 T T *  ■<- TT
Sg + s
G 0
31725.9 315.2 0.13 T T *  TT
s? + s' 0 35872.3 278.8 0.02
T T *  TT
Ss + 37759.5 264.8 0.00 T T *  TT
Sq + S ̂ 0
41130.8 243.1 0.35 T T *  TT
Sio ^ ^0 43392.0 230.5 0.00 n * + n
Si i 44077.1 266.9 0.00 TT* -T- n
^12 ^ 45261.6 220.9 0.10 T T *  TT
T, S 
 ̂ 0
3759.4 2560.0 T T *  TT
T , + S ̂ 0 11494.6 870.0
T T *  •< - TT
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Table X II
Predicted Transitions for the Negative Ions of Benzoyl acetone
Transition Energy(cm-i) A(nm) Osc. St. Primary Compom
Anion V I I I
S i  + S ̂ 0 21036.2 475.4 0.00 T T *  - f -  TT
s ,  +  s
 ̂ 0 26654.4 375.2 0.00
tr* n
s ,  + s ̂ 0 26944.0 371.1 0.06 T T *  TT,n
 ̂ 0 29610.0 337.7 0.00 TT* n
Ss ^ 35857.0 278.9 0.00 T T *  •< - TT
Se ^ S^ 37097.9 269.6 0.00 T T *  -T - TT
s? + 37548.3 266.3 0.00 T T *  TT
$8 ^ 38629.8 258.9 0.15 T t *  TT
Sg + S , 44121.7 226.6 0.00 T t *  TT
Sio ^ s^ 44771.5 223.4 0.10 T t *  TT
T i + S   ̂ 0 18954.5 527.6 T t *  TT




9262.1 1079.7 0.05 T T *  ■<- TT
s ,  + s ̂ 0 12947.9 772.3 0.06 T T *  ■<- TT
s ,  +  s
 ̂ 0
21784.0 459.0 0.00 TT* ^ n
27494.4 363.7 0.00 T T *  TT
Sc +  s ̂ 0
28819.8 347.0 0.12 T T *  TT
Sg ^ s^ 34393.2 290.8 0.02 U *  TT
s? +  s' 0 36782.8 271.9 0.00 T T *  TT
So s 39988.6 250.1 0.06 TT* 4- n
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Table X II (continued)
Transition Energy(cm"i) x(nin) Osc. St. Primary Component
S, + S, 41077.6 243.4 0.00 I T *  •<- IT
^10 ^ 42888.6 233.2 0.00 T T *  ■«- n
S i i  ^ 43474.9 230.0 0.27 T T *  TT
Si2 ^ 44084.1 226.8 0.00 T T *  ■<- TT
Sl3 ^ 45020.3 222.1 0.00 TT* n
47451.4 210.7 0.04 T T *  TT
T, + S  ̂ 0 1997.8 5005.4
T T *  TT
T , + S ̂ 0
\nion X
4232.9 2362.4 T I *  TT
Si +  S ̂ 0 21668.9 461.5 0.00 TT* I- n
s ,  +  s 0 27472.5 264.0 0.00 TT* n
s ,  + s ̂ 0 27629.5 361.9 0.00 T T *  TT
S . + s
 ̂ 0
30224.9 330.9 0.01 TT* n
S 5 ^ Sq 36200.5 276.2 0.00 T T *  •<- n
^ 6 37432.4 267.1 0.00 T T *  ■«- TT
S 7 + S' 0 37749.8 264.9 0.00 T T *  TT
S a + S“ 0 40158.4 249.0 0.28 TT* n
44283.6 225.8 0.00 T T *  *• TT
Sio ^ So 45117.2 221.6 0.08 T T *  ■<- n
T\ + S 
 ̂ 0
19256.3 519.3 T T *  TT
T , + S
 ̂ 0
21668.0 461d.5 TT* ■<- n
The percentage of n* +  n and T T *  <- TT orb ita l components are
50% each.
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The lowest s in g le t-s in g le t transition  for anion IX is a 
TT* n and a TT* -t- n for anion X. The trans ition  of the anion IX 
to the lowest singlet state is calculated to occur at 1079.7 nm 
and has an o sc illa to r strength of 0.05 and that of X occurs at 
461.5 nm with an o s c illa to r strength of 0.05 and that of X occurs
at 461.5 nm with an o s c illa to r strength of zero. These two anions
(IX  and X) could be formed in the excited state.
8. Electronic Transitions on trans-1-Phenyl-2-buten-l-one and 
trans-4-Phenyl-3-buten-2-one
CNDO/S-2 calculations on these compounds were done in
order to compare the results with those of the U unchelated enols
of benzoyl acetone. The predicted absorption of 1-phenyl-2-buten~ 
1-one should be s im ilar to that of the IV , but calculations 
predicted i t  to be blue shifted with respect to that of IV . The
predicted spectrum for trans-4-phenyl-3~buten-2-one is also blue 
shifted with respect to that of V. The results of these calcula­
tions are given in Table X I I I .
The CNDO/S-2 results suggest that the absorption spectra of 
the pure keto, chelated and U unchelated enol, and the negative 
ions of dibenzoylmethane and benzoyl acetone respectively should 
be s ig n ific a n tly  d iffe re n t.
B. Photochemistry of Aromatic 6-Diketones
Aromatic B-diketones have attracted the interest of many 
workers prim arily  due to th e ir  excellent metal chelating 
cap ab ility . Workers lik e  Kuo,^ Markov et al.^S'Z? g^d Veierov et
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Table X I I I
Predicted Transitions for trans-1-Phenyl-2-buten-2-one and for 
tran s-4-Phenyl-3-buten-2-one
Transition Energy(cm"^) x(nm) Osc. St. Primary Component
trans-1-Phenyl-2-buten-l-one
S, t- s  ̂ 0 21909.0 456.6 0.00 TT* n
S 2 S  ̂ 0 36720.1 272.3 0.00 IT* TT
S 3 S  ̂ 0 43338.3 230.7 0.00 IT*
aTT,n
44214.5 226.2 0.19 TT* ■<r TT
Ss ^ 46356.6 215.7 0.11 TT*
an,TT
+ S, 21155.4 472.7 TT* n
T 2 S
0 21908.8 456.4 TT* TT
trans-4-Phenyl -3-buten-2-one
S, + S ̂ 0 23742.6 421.3 0.00 TT* *■ TT
S2 +  s ̂ 0 35356.8 282.8 0.00 TT* •<- n,Tr®
S 3 •<- s  ̂ 0 37402.8 267.4 0.40 TT* 4- n
 ̂ 0
43956.7 227.5 0.00 TT* 4- n
Sc + s
 ̂ 0
47782.4 209.3 0.17 TT* 4- n, Tf̂
T, + S 
 ̂ 0
18189.3 549.8 TT* TT
T , + S ̂ 0 23734.7 421.3 T T * ■T- TT>n®
a) The percentage of + n and ir* t- ir o rb ita l components are 
50% each.
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a l , 24-25 have been interested prim arily in the neutral molecules. 
The enolic fraction  of aromatic 0-diketones is very large. The 
enol forms are favored over the keto form because of the formation 
of an intramolecular hydrogen bond. The ring that results from 





A ll the observed photoprocesses are related to the chelate ring. 
This study has been made in order to improve the understanding of 
the photoprocess and the spectroscopy of aromatic 0-diketones.
The absorption spectra of dibenzoylmethane, benzoyl acetone 
and benzoyltrifluoroacetone in both polar and non-polar solvents 
at room temperature have been studied by Kuo.5 The main feature  
of th e ir  absorption spectra is a very intense band in the 300-340 
nm region, which is called a charge-transfer band in accord with 
Nagakura's theory of intramolecular charge tra n s fe r .68-70 77K,
th is  band sh ifts  towards lower energies and shows very pronounced 
vibrational bands. These observations made by Kuo were verified  
in th is work. The absorption spectra of the g-diketones undergo 
s ig n ifican t changes where the compounds in a glassy matrix at 77K 
are irrad iated  with the fu ll  in tensity  of the A-H6 lamp. The
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changes in the absorption spectra at 77K have been assigned to a 
molecule produced by the rupture of the intramolecular hydrogen 
bond. Figure 6 shows the absorption of dibenzoylmethane at room 
temperature and at 77K before and a fte r irra d ia tio n . These 
observations were also made by Kuo and were verified  by this work. 
Markov et a l . 26-27 and Fischer et a l . 2^-25 have observe changes in 
the absorption spectra of a series of 3-diketones that result from 
irra d ia tio n  with UV lig h t .
CNSO/S-2 calculations (see previous section) were performed 
fo r dibenzoylmethane and benzoyl acetone in various conformations 
in order to compare the predicted and observed tran s itio n s . The 
predicted transitions for dibenzoylmethane agree rather well with 
the observed tran s itio n s . Calculations c learly  show that the 335 
nm band is due to the chelated enol and not to the keto form or to 
the unchelated enol forms. See Table XIV. Calculations the both 
the keto and the U unchelated enol of dibenzoylmethane do not 
predict any trans ition  above 300 nm that has a re la tiv e ly  large 
o s c illa to r strength. Calculations also showed that the chelated 
ring must adopt a particu lar geometry in order to have a tra n s i­
tion  above 300 nm. The transition  predicted for the U unchelated 
enols occurs at 277.8 nm. I t  does seem to suggest that the new 
absorption of dibenzoylmethane at 77K a fte r irrad ia tio n  is due to 
the U unchelated enol. This new absorption occurs around 315 nm. 
Rotation about the carbon-carbon single bond of the enol can be 
ru lted  out because computation of the S enol form which would















































Si + So 31002.8 322.6 0.39 29850.7 335.0 9.8 X 103 T T *  - f -  IT
Sz + 41832.4 239.0 0.05 40816.3 245 4.6 X 103 I T *  IT
S3 ^ 43548.4 229.6 0.10 I T *  TT











Absorption Spectra of Dibenzoylmethane
a. at RT
b. at 77K
c. at 77K a fte r irrad ia tio n  with the A-H5 lamp for 12 
minutes
d. at RT a fte r irrad ia tio n  at 77K with the A-H6 lamp 
for 12 minutes
e. at 77K afte r irrad ia tio n  at 77K with the A-H6 lamp 
for 12 minutes, warmed to room temperature then 
cooled again
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resu lt from such a rotation  predicts transitions in the v is ib le  
region. Calculation on the conformation that would resu lt from 
ro ta tion  around the carbon-carbon single bond by 90“ predicts a 
TT* n tran s itio n  at 372.5 nm. That such a conformation could be 
formed cannot be ruled out completely. That the new absorption is 
due to the U unchelated enol is supported by the fact that the 
absorption spectrum of chalcone in ethanolic solution exh ib it a 
band with at approximately 300 nm. Chalcone (see Figure 2) 
is very s im ilar s tru c tu ra lly  to the U unchelated enol of 
dibenzoylmethane. Calculations on tran s-chalcone gave results  
very s im ilar to those of the U unchelated enols (see Tables V and 
V I I I ) .  The lowest it*  ir tran s itio n  for trans-chalcone is 
predicted to occur at 283.0 nm and that for the U unchelated enol 
of dibenzoylmethane at 277.8 nm. Kuo  ̂ assigned a ll transitions in 
dibenzoylmethane (enol) to  the tt* ir. This conclusion is in 
close agreement with the results of calculations reported in th is  
work.
Benzoyl acetone is an assymmetric g-diketone, and thus two 
U-chelated enols, l̂ a and ^b are possible. Gorodetsky, et al.^s  
have studied th is  enol-enol equilibrium  by ^^0 NMR spectroscopy 
and found that the chelated enol form la  is favored. CNDO/S-2
' \ j
0 0
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calculations of benzoyl acetone in various conformations were done 
and the assymmetric nature of the diketone was taken into account. 
The predicted transitions do not agree as well with the observed 
ones as do those for dibenzoylmethane, but they do indicate that 
the low energy absorption is due to the chelated enol. See Table 
XV. Only for enols I la  and I l i a  (see Figure 5) do calculations 
give close agreement with experiments. See Table X I. These 
calculations also indicate that a particu lar geometry is needed in 
order to observe a trans ition  at 280 nm. Only enol I la  and I l i a  
gave absorption above 280 nm (at 281.4 nm and at 282.9 nm for I la  
and I l i a  respective ly ). The new absorption observed a fte r  
irrad ia tio n  of benzoyl acetone at 77K appears around 300 nm. The 
tran s itio n  for the unchelated enol IV (see Figure 5) is at 237.9 
nm (it* n) and that for the unchelated enol V is at 274.2 nm 
( i t *  i t ) .  Calculations on the unchelated enol V indicate that i t  
could be responsible for the new absorption. This result agrees 
with Gorodetsky and c o w o rk e rs ^ s  finding that benzoyl acetone 
chelated enol la is favored in the eno lization, but the chelated 
enol ^b cannot be ruled out completely. Calculations were done on 
two other unchelated enols VI and V I I .  The unchelated enol V I, i f  
formed a fte r irrad ia tio n  of the chelated enol of benzoyl acetone, 
could be responsible for the new absorption. Its  predicted 
transitions are rather close to those of the unchelated enol IV. 
The unchelated enol V II seems more unlikely  to be responsible for 
the new absorption. I f  i t  were formed by irrad ia tio n  of the
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chelated enol of benzoyl acetone, the calculation predicts that 
transitions above 350 nm should be observed.
trans-1 -Phenyl-2-buten-l-one and t r ans-4-phenyl-3-buten-2-one  
have structure very sim ilar to that of the U unchelated enols of 
benzoyl acetone. Calculations on trans-1-phenyl-2-buten-l-one gave 
and TT* f- n trans ition  as the lowest s in g le t-s in g le t trans ition  
that should occur at 267.4 nm. The lowest s in g le t-s in g le t tra n s i­
tion for trans-4-phenyl-3-buten-2-one is a t t *  u  and should occur 
at 226.2 nm. These calculations indicate that the U unchelated 
enol V is the species l ik e ly  to be responsible for the new 
absorption.
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The absorption spectra of dibenzoylmethane, benzoyl acetone 
and benzoyltrifluoroacetone in basic media at room temperature 
were compared with those of the neutral solutions. A red s h ift in 
the spectrum is observed when the negative ions of dibenzoyl­
methane and benzoyl acetone are formed from the neutral molecules. 
These transitions of the negative ions are the n* + % type. For 
dibenzoylmethane ion a occurs at 350 nm (e ~18400), and for 
benzoyl acetone ion the peak occurs at 325 nm (e ~13200). Benzoyl­
t r i f  luoroacetone negative ion has a transition  that is s lig h tly  
blue shifted with respect to that of the neutral molecule; its  
^max occurs at 322 nm ( e ~7000). A p r io r i, a red s h ift was 
predicted because the delocalization energy of the ions would be 
expected to be greater than that for the neutral molecules. Why 
is the benzoyltrifluoroacetone ion absorption s lig h tly  blue 
shifted? This s h ift occurs because of the pronounced electron 
withdrawing properties of the fluoroalkyl substituent. The 
fluoroalkyl substituent weakens the intramolecular hydrogen bond 
in fluo rine  containing 3-diketones.® In the negative ion the 
effec t of the fluoroalkyl substituent is to reduce the delocaliza­
tion energy. This reduction occurs in the case of benzoyltri- 
fluoroacetone. Thus its  absorption is s lig h tly  blue sh ifted . The 
absorption spectra of the negative ions are given in Figures 7, 8 
and 9.
The results of CNDO/S-2 calculations for the negative ion of 
dibenzoylmethane and benzoyl acetone are given in Tables V II and
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Figure 7
Absorption Spectra of Dibenzoylmethane at RT
a. In ethanol
b. In O.IN sodium ethoxide-ethanol
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Figure 8
Absorption Spectra of Benzoyl acetone at RT
a. in ethanol
b. in O.IN sodium ethoxide-ethanol
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Figure 9
Absorption Spectra of Benzoyltrifluoroacetone at RT
a. in ethanol
b. in sodium ethoxide-ethanol
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X I I I .  Calculations predicted correctly a red s h ift of the main 
trans ition  for the negative ions but the predicted sh ifts  exceed 
greatly the observed s h if t .  The predicted transitions for the 
negative ions of dibenzoylmethane and benzoyl acetone are the 
TT* ■(- TT type. They are predicted to occur at 383.7 nm and at 371.1 
nm respectively. The calculated o sc illa to r strength for the 
trans ition  of benzoyl acetone is very small, 0 .06, while the 
observed transition  has an absorptivity of 13,200.
In order to improve the understanding of the photoprocess of 
6-diketones at 77K, the emissions of these compounds were investi­
gated. All emission studies were done with a glassy matrix at 77K 
because these compounds do not emit at room temperature. At 77K, 
the compounds phosphoresce as soon as the fu ll  in tensity  of the 
A-H6 lamp impinges on the sample. The aromatic B-diketones that 
were studied exhibit two phosphorescences, a blue one and a green 
one. The former occurs at higher energies than the la tte r  one.
The green phosphorescence is observed when the compounds are in 
hydrocarbon solvent and the excitation spectrum corresponds to 
that of the charge transfer band. Upon irrad ia tion  with the A-H6 
lamp the compound's green phosphorescence decreases in in tensity  
gradually with an increase in irrad ia tio n  time. The blue 
phosphorescence builds up gradually as the green phosphorescence 
decreases. The new phosphorescence is sim ilar to that of 
benzaldehyde. I t  shows vibrational structure, and the vibrational 
frequency corresponds to the ground state stretching frequency of
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a carbonyl group. In polar solvents both emissions are observed 
simultaneously. The excitation spectrum of the blue phosphores­
cence has bands that are very sim ilar to those of benzaldehyde. 
Thus the blue emission ( i t * n) is due to the benzoyl moiety of 
the B-diketones. The green excitation spectrum has bands that 
agree with the absorption spectrum of the whole molecule at 77K. 
Kuo suggested that the blue emission is that of the phenyl ketone 
moiety that results from breaking the hydrogen band and forming a 
ketone molecule that is orthogonal to the rest of the molecule and 
has the properties of a benzaldehyde lik e  molecule as the result 
of irra d ia tio n . The s in g le t-s in g le t transitions calculated for 
such a molecule are given in Table V I. The predicted lowest 
singlet is a n* +  n trans ition  which one would have assumed before 
one did the CNDO/S-2 calculations. The green emission was 
assigned to the molecule in the chelated enol form. Kuo's^ 
phosphorescence studies were successfully reproduced during this  
work.
Studies on dibenzoylmethane showed that the two emissions are 
dependent on the excitation wavelength. The green phosphorescence 
was obtained by excitation in the intramolecular charge transfer 
band, 340 nm. The blue could be observed i f  the excitation was 
done at 250 nm, see Figure 10. This result agrees with Kuo's^ 
re s u lt, but i t  strongly suggests that there is a d istribu tion  of 
molecular forms that is changed by irra d ia tio n . I t  seems that the 
molecule remains prim arily  in the enol form and what seems to be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Phosphorescence and Excitation Spectra of Dibenzoylmethane in 
3MP at 77K
a. Green Phosphorescence
b. Excitation Spectrum of the Green Phosphorescence
c. Blue Phosphorescence
d. Excitation Spectrum of the Blue Phosphorescence
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happening is a rupture of the hydrogen bond followed by rotation  
of the benzoyl moiety around the carbon-carbon single bond. The 
rotation is not complete due to the interaction of the phenyl ring 
of the benzoyl moiety with the enolized carbonyl oxygen. Then the 
benzoyl group probably achieves a 90° rotation with respect to the
0 OH
0+1
rest of the molecule. This explanation could account for the 
disappearance of the green phosphorescence with irrad ia tio n  and 
the build up of the blue emission.
The explanation for the appearance of both phosphorescences 
from an ethanolic solution could be explained in the following  
manner. In ethanolic solution some of the molecules form in te r -  
molecular hydrogen bonds and rotation around the carbon-carbon 
single bond occurs eas ily  in those cases; consequently both kinds 
of molecules exist before photochemistry occurs. The s im ila r ity  
of the green phosphorescence in ethanol with the emission of the 
negative ion is consistent with this in terp re tation .
The emission spectra of negative ions at 77K in a glassy 
matrix are given in Figure 11. The negative ions phosphorescence 
are in approximately the same region as that of the neutral
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Figure 11
Phosphorescence Spectra of Dibenzoylmethane, Benzoyl acetone 
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molecule's green emissions. Only the ions from dibenzoylmethane 
and benzoyl acetone show vibrational structure. Dibenzoylmethane 
ion has vibrational structure at approximately 482 nm (20747 cm"^) 
and at approximately 505 nm (19802 cm"^) to give a vibrational 
frequency of 945 cm"^. Benzoyltrifluoroacetone ion has 
vibrational bands at 453 nm (22075 cm"^), at 467 nm (21413 cm"^) 
and at approximately 480 nm (20833 cm“^) which give vibrational 
frequencies of 662 cm"i and 580 cm"i. The fact that the negative 
ion phosphorescence is very sim ilar to that of the green 
phosphorescence of the compounds in ethanol strongly suggests the 
p o s s ib ility  of dissociation in the excited s tate . See Figures 12, 
13 and 14. Only benzoyl acetone shows no green phosphorescence in 
ethanolic solution; thus i t  seems to adopt the 90° conformation 
very rap id ly . Upon irrad ia tion  of the solution a photoreaction 
seems to take place. The product of this photoreaction appears to 
be the formation of the negative ion Wiich gives a green 
emission.
The negative ion emission undergoes no observable change with 
irra d ia tio n . I t  is assumed that the negative ions tend to remain 
in the U form, this assumption seems reasonable because chelation 
of sodium ion by p-diketones can be attained only in the U 
conformation.
C. Cyclic g-Diketones
Previous workersi4,i9 have indicated that the luminescence of 
acetyl acetone is due to its  negative ion. Both the neutral and
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Figure 12
Phosphorescence Spectra of Dibenzoylmethane at 77K
a. in ethanol
b. in sodium ethoxide-ethanol
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Figure 13
Phosphorescence Spectra of Benzoyl acetone at 77K
a. in ethanol
b. in ethanol (sample was irrad iated  for 55 minutes 
with A-H6 lamp
c. in sodium ethoxide-ethanol
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Figure 14
Phosphorescence Spectra of Benzoyltrifluoroacetone at 77K
a. in ethanol
b. in sodium ethoxide-ethanol
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the negative species could be responsible for acetyl acetone's 
emission. These species could adopt various conformations after  
the intramolecular hydrogen bond has been broken. The three most 
stable conformations are designated the U, S and W forms. A study 
of cyclic g-diketones has been made in order to improve the under­
standing of the luminescence of a liphatic g-diketones and also to 
study the effect of the ring size on the electronic absorption and 
luminescence spectra.
The enolic fraction  of cyclic 3-diketones depends largely on 
the size of the ring . The smaller 1,3-cyclicalkanediones exist 
prim arily  in the W form. The U form can be adopted i f  the ring is 
s u ff ic ie n tly  large; thus the absorption spectra of these compounds 
w ill re fle c t the influence of the ring on the keto-enol e q u ili­
brium. Table XVI gives a ll the spectral data for the cyclic  
-diketones that were studied.
1,3-Cyclopentanedione in 3MP (2 .0  x 10“® M) has a single 
broad but intense absorption band at 238 nm (e 'v-12800) which is 
red shifted when the compound is in ethanol. The nature of the 
spectrum of 1,3-cyclopentanedione in alcohol is dependent upon the 
concentration. NMR data?i indicate that th is diketone exists 
prim arily  in the enol form in polar solvents. In 3MP, the absorp­
tion  is also due to the enol form. The enol, Wiich is a weak 
acid, (pKa?2 = 4.5 in water) dissociates appreciably in d ilu te  
solution and very l i t t l e  in concentrated solutions, see Figure 15. 
The degree of dissociation is responsible for the change in shape
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Figure 15
Absorption Spectra of 1,3-Cyclopentanedione in ethanol at RT
a. 1.0 X 10-5 M
b. 2.0 X 10-5 M
c. 5 .0  X 10-5 M
d. 10.0 X 10-5 M
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of the spectrum. 1,3-Cyclopentanedione in 3MP is p rac tica lly  
undissociation, and does not change with concentration. In 
acidic solution the ionization is repressed, and the absorption 
appears at 242 nm. The spectrum in basic solution has a band at 
260 nm. This result corroborates the ionization of th is compound. 
The absorption spectra of 1,3-cyclopentanedione in ethanol, in 
3MP, in acidic and in basic solutions at room temperatures are 
shown in Figure 16.
1,3-Cyclohexanedione exists prim arily in the enol form.^^'^^ 
The compound in ethanolic solution (2 .0  x 10~^ M) has two absorp­
tions. The 280 nm (e ~12600) band is that of the dissociated 
enol. 1,3-Cyclohexanedione is a weak acid. Its  pKa in water is 
5 .7 .41  The 260 nm (e ~12000) band is that of the undissociated 
enol. 1,3-Cyclohexanedione dissociates appreciably in d ilu te  
solution; see Figure 17. In 3MP, one absorption is observed at 
251 nm (e ~21000); the band should be that of the undissociated 
enol. Both 1,3-cyclopentanedione and 1,3-cyclohexanedione cannot 
adopt a conformation in which an intramolecular hydrogen bond can 
be formed. 1,3-Cyclohexanedione in basic solution has an 
absorption at 279 nm (e ~27000) which resembles the 280 nm band of 
the compound in ethanolic solution. In acidic solution, Wiere 
dissociation is repressed, the 1,3-cyclohexanedione has an absorp­
tion at 248 nm (e o27300) and appears to be that of the 
undissociated enol. The bands observed for these two 3-diketones 
should be those of t t *  i r  transitions of the enol and the enolate
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Table XVI
Absorption Spectral Data for g-D1ketones
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Figure 16
Absorption Spectra of 1,3-Cyclopentanedione at RT
a. 2.0 X 10-5 M in ethanol
b. 2.0 X 10-5 M in 3MP
c. 2.0 X 10-5 M in O.IN HC1-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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Figure 17
Absorption Spectra of 1,3-Cyclohexanedione in ethanol at RT
a. 1.0 X 10-5 M
b. 2.0 X 10-5 M
c. 5.0 X 10-5 M
d. 10.0 X 10-5 M
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ion. The absorption spectra of 1,3-cyclohexanedione in ethanol, 
in 3MP, in acidic and in basic solutions are shown in Figure 18.
1.3-Cycloheptanedione is s lig h tly  enolic. I t  is re la tiv e ly  
acidic (pKa^z in water ~ 6 .5 ). One absorption of the compound in 
3MP is observed at 260 nm (e ~1100). This band occurs at 263 nm 
(e ~1300) when the compound is dissolved in ethanol and at 257 nm 
( e  -viaOO) when i t  is in acidic media. In basic solution of 
the 1,3-cycloheptanedione is at 289 nm (e ~27000). The absorption 
of this diketone in ethanol, in 3MP, and in acid media are due 
essentia lly  to the undissociated enol. This compound is believed 
to contain more keto form than enol form. The spectrum of this  
compound in alcohol shows no concentration dependence and follows 
Beer's Law; see Figure 19. Either i t  is an extremely weak acid or 
a trans ition  of the keto form appears where that of the enol is 
expected. The la tte r  is quite unlikely since a transition  from 
the keto form, tt*  n, would not be expected to have such a
high molar absorptivity re la tiv e  to 1,3-cyclopentanedione and 1,3- 
cyclohexanedione. The trans ition  observed are believed to be 
■ri* ■<- n type. Figure 20 gives the absorption spectra of 
1,3-cycloheptanedione in ethanol, in 3MP, in acidic and in basic 
solutions.
1.3-Cyclononanedione in ethanolic solution has two absorp­
tions: one at 267 nm (e ~60) and the other at 310 nm (e ~50).
The la tte r  band gives an indication of shoulders at 322 nm and 333 
nm. In the case of a 3MP solution a rather complex absorption is
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Figure 18
Absorption Spectra of 1,3-Cyclohexanedione at RT
a. 2.0 X lO'S M in ethanol
b. 2.0 X 10-5 M in 3MP
c. 2.0 X 10-5 M in O.IN HCl-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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Figure 19
Absorption Spectra of 1,3-Cycloheptanedione in ethanol at RT
a. 1.25 X lO"** M
b. 2.50 X 10-4 M
c. 5.00 X 10-4 M
d. 8.00 X 10-4 M
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Figure 20
Absorption Spectra of 1,3-Cycloheptanedione at 298K
a. 2.0 X 10-4 M in ethanol
b. 2.0 X 10-4 M in 3MP
c. 2.0 X 10-4 M in O.IN HCl-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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observed which has vibrational bands at <̂ 301 nm (33222 cm"i), 313
nm (31949 cm "i), 325 nm (30769 cm"^) and 337 nm (29674 cm"i).
There are very weak indications of bands around 280 nm and 260 nm. 
The observed vibrational intervals of the excited state of this  
compound in 3MP are 1273 cm"i, 1180 cm"  ̂ and 1095 cm-i. These 
frequencies are in the region of the carbonyl stretching frequency 
of the excited sta te , ~1200 cm"^. Thus the absorption in the 300 
nm region seems to be from a n* + n transition  of the keto form. 
NMR studies by Taylor**** indicated that the enol fraction  is 0% for 
th is  diketone. The absorption of this compound in ethanol did not 
show as pronounced a structure as that from a 3MP solution and 
also the band at 267 nm greatly lost in tensity  in 3MP. In acidic
media, the 267 nm band of th is compound is blue shifted to 261 nm
(e ~110) and the absorption is more pronounced. The band in the 
300 nm region of 1,3-cyclononanedione in acidic solution is 
sim ilar to that of the compound in alcohol. The band at 267 nm 
for th is  compound in alcohol seems to be due to the interaction of 
the two carbonyls which are not in the plane and most l ik e ly  point 
in the direction perpendicular to one another. The observed molar 
absorptiv ity  for this diketone is a b it larger than what one would 
expect from two carbonyls that do not interact with each other. 
This interaction is quite possible; consider the work done by Cram 
and Steinberg74 in which they compared the UV spectra of cyclo- 
pentanone (A ), two spiro-monoketones (B and C) with that of a
1 ,3-d iketo  spiro compound (D) and showed that interaction does




occur in D for which enolization is impossible. A single absorp­
tion of cyclononanedione in basic solution occurs at 297 nm 
( e  ~18000); the molar absorptivity for this compound in basic 
media is re la tiv e ly  small. The small value for the molar 
absorptivity is due to the fact that the carbonyls are not 
coplanar thus the resonance energy is diminished. The absorption 
spectra of 1,3-cyclononanedione in ethanol, in 3MP, in acidic and 
in basic solutions are shown in Figure 21.
1,3-Cyclodecanedione in 3MP has a weak band at 273 nm 
( e  ~150) and i t  also shows an indication of a very weak transition  
at the lower energy side of the spectrum. In the case of th is  
compound in ethanolic solution th is  band remains at 273 nm 
( e  ~110), and the indication of a very weak trans ition  on the 
lower energy side can be barely seen. The absorption at 273 nm in 
3MP and in ethanol is blue shifted in acidic solution to 261 nm. 
This band seems to be that of the protonated keto form. Hunig and 
Hoch34 reported a enol fraction  of 10% for th is  diketone.
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Figure 21
Absorption Spectra of 1,3-Cyclononanedlone at RT
a. 2.0 X 10-3 M in ethanol
b. 2.0 X 10-3 M in 3MP
c. 2.0 X 10-3 M in O.IN HCl-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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Taylor'*'* reported i t  to be 0% from his NMR studies, but he 
reported that 1,3-cyclodecanedione reacted s lig h tly  with fe r r ic  
chloride and copper acetate solution to give precip itates and 
these results by themselves indicate that a small amount of 
enolization does occur. This result also indicates that the 
carbonyl groups are approaching a U lik e  conformation. Thus the 
273 nm band is the result of the interaction between the two 
carbonyls just as the 267 nm band of 1,3-cyclononanedione is the 
resu lt of interaction of the carbonyls. That the interaction for 
the 10 membered ring is greater than that for the 9 membered ring 
is reflected in the value of the molar absorp tiv ities . 1,3-Cyclo- 
decanedione in basic media has an absorption at 301 nm (e ~20500). 
This band seems to be due to the negative ion of this compound.
The absorption spectra of this diketone in ethanol, in 3MP, in
acidic and in basic media are shown in Figure 22.
1,3-Cycloundecanedione and 1,3-cyclotridecanedione in ethanol 
have re la t iv e ly  strong bands at 273 nm (e ~1000) and 276 nm 
( e  ~3600) respective ly . The absorption of these compounds both in 
non-polar and in acidic media are s im ilar. The absorption spectra 
of 1,3-cycloundecanedione and 1,3-cyclotridecanedione in polar, in 
non-polar and in acidic solutions are shown in Figures 23 and 24. 
This lack of solvent e ffect could imply the absence of any degree 
of ionization or that the compounds are in a U l ik e  conformation
where intramolecular hydrogen bonds can be formed. Hunig and
Hoch34 reported an enol fraction  of 30% and 78% fo r 1 ,3-cyclo-
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Figure 22
Absorption Spectra of 1,3-Cyclodecanedione at RT
a. 2.0 X 10-3 M in ethanol
b. 2.0 X 10-3 M in 3MP
c. 2.0 X 10-3 M in O.IN HCl-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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Figure 23
Absorption Spectra of 1,3-Cycloundecanedione at RT
a. 1.0 X 10-4 M in ethanol
b. 1.0 X 10-4 M in 3MP
c. 1.0 X 10-4 M in O.IN HCl-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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Figure 24
Absorption Spectra of 1,3-Cyclotridecanedione at RT
a. 1.0 X 10-4 M in ethanol
b. 1.0 X 10-4 M in 3MP
c. 1.0 X 10-4 M in O.IN HCl-ethanol
d. 1.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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undecanedione and 1,3-cyclotridecanedione respectively. Taylor*^** 
reported an enol fraction  of 8.79% and 74.35% from his NMR studies 
of 1,3-cycloundecanedione and 1,3-cyclotridecanedione respec­
t iv e ly . E is tert and Schank^z found that cyclic B-diketones that 
have re la tiv e ly  large rings can undergo conformational changes due 
to th e ir large m o b ilities . Small cyclic B-diketones are in a W 
form but as the ring increases in size they tend to adopt a U 
conformation in which both carbonyls are in the same plane and 
enolization can occur with the formation of an intramolecular 
hydrogen bond. This conformation w ill explain the lack of solvent
(CHglh
effect in these compounds (1,3-cycloundecanedione and 1,3-cyclo- 
tridecanedione). Acetylacetone forms intramolecular hydrogen bond 
upon enolization . I t  also shows no solvent e ffe c t, see Figure 25. 
Its  absorption maximum occurs in the same region as that for
1,3-cycloundecanedione and 1,3-cyclotridecanedione. Another 
resu lt that indicates that these molecules tend to form in tra ­
molecular hydrogen bonds is that the position of the band does not 
change with concentration.
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Figure 25
Absorption Spectra of Acetylacetone at RT
a. 1.0 X 1 0 - 4 M in ethanol
b. 1.0 X 10-4 M in 3MP
c. 1.0 X 10-4 M in O.IN HCl-ethanol
d. 2.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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The absorption of 1,3-cyclotridecanedione in ethanolic 
solution at 77K does not change compared with that of solution at 
298K. Upon irrad ia tio n  of the ethanolic solution at 77K with the 
A-H6 lamp for 5 minutes, the absorption maximum moves to 265 nm.
The absorption remains unchanged by further irra d ia tio n , but i f  
the solution is warmed to room temperature the absorption reverts 
back to the original shape that has a 278 nm maximum. This 
behavior is rather s im ilar to that of acetylacetone when i t  is 
irrad iated  at 77K with the fu ll  in tensity  of the A-H6 lamp.5 This 
observation strengthens the view that for large rings the 
diketones tend to adopt the U conformation in which an in tra ­
molecular hydrogen bond can be formed, see Figure 26. The formation 
of the intramolecular bond explains why Taylor'*'* observed a rapid 
formation of p rec ip ita te  when 1,3-cyclotridecanedione was reacted 
with copper acetate and fe r r ic  chloride solutions. Acetylacetone 
also reacts rapid ly with copper acetate and fe rr ic  chloride to 
give precip ita tes .
In basic media, the observed absorption is that of the 
enolate ion which occurs at 300 nm (e ^27000) and 295 nm 
( e  ~30500) fo r 1,3-cycloundecanedione and 1,3-cyclotridecanedione 
respectively; see Figures 23 and 24. The observed absorptions are 
those of IT* TT tran s itio n s . The absorption maximum of the 
enolate ion of 1,3-cyclotridecanedione occurs at the same wave­
length as that for acetylacetone, see Figure 25. This result also 
could be considered to be evidence that the transition  for the
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Figure 26
Absorption Spectra of 1,3-Cyclotridecanedione in ethanol
a. at RT
b. at 77K
c. at 77K a fte r irrad ia tion  with A-H6 lamp for 5 
minutes
d. at 77K a fte r irrad ia tion  with A-H6 lamp for 15 
minutes
e. at 77K a fte r irrad ia tion  with A-H6 lamp for 15 
minutes, warmed to room temperature then cooled to 
77K
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negative ion is due to a species that is very sim ilar to that of 
the acetylacetone anion.
The UV studies indicate that a great deal of conformational 
change takes place as the size of the ring increases. In the case 
of 1,3-cyclopentanedione basically a ll the carbon atoms are 
coplanar and enolization occurs read ily . A sim ilar behavior is 
observed for 1,3-cyclohexanedione in which the two carbonyls are 
in the same plane. Only carbon fiv e  is out of the plane. Even 
though carbon fiv e  is out of the plane, this compound is known to 
e x is t, even in the solid s tate , almost e n tire ly  in the enol form. 
For 1,3-cycloheptanedione the carbonyls cannot achieve coplanarity
as easily as can the cyclopentanedione and cyclohexanedione, thus 
enolization is diminished. In 1,3-cyclononanedione, the carbonyls 
are almost perpendicular to one another and thus no enolization  
w ill be expected for th is  compound.
In 1,3-cyclodecanedione, the diketone moiety tends to adopt a 
U lik e  conformation that could allow this compound to enolize 
s lig h tly . A re la t iv e ly  small fraction of the molecule seems to 
enolize since i t  reacts s lig h tly  with fe r r ic  chloride and copper
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acetate solutions to give precipitates and this behavior is 
typical of enolizable p-diketones that can form intramolecular 
hydrogen bonds. The behavior observed for 1,3-cyclodecanedione is 
more pronounced for 1,3-cycloundecanedione. Evidence for this  
s im ila r ity  is that th is compound reacts to a greater extent with 
fe r r ic  chloride and copper acetate; th is  comparison indicates that 
the compound can achieve to a greater extent than 1,3-cyclodecane­
dione the U form that permits the formation of intramolecular 
hydrogen bond. For 1,3-cyclotridecanedione, the diketone moiety 
can achieve easily the coplanar U conformation which allows a 
greater degree of eno lization . This enolization does occur; both 
Taylor'*'* and Hunig and Hoch *̂* have reported more than 70% enol 
fraction  for th is compound. That these conformational changes 
occur for cycloalkanediones can be inferred from variation of the 
molar absorptivities as the ring size is altered. Thus the value 
fo r the molar absorptivity is a re la tiv e ly  good probe for 
indicating the enolization tendency in cyclic B-diketones. 
Compounds that are predominantly in the keto form should have 
small molar absorp tiv ities . The negative ion band for the various 
cyclic B-diketones s h ift  towards the red as the size of the ring 
is  increased. This s h ift  is most l ik e ly  due to the fact that the 
W form is gradually lost as the ring gets larger and the molecule 
tends to adopt the U form. Thus d iffe ren t negative ions in 
d iffe re n t conformations have been observed. This s h ift  toward the 
red was predicted by Davis'^** calculations on acetylacetone
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negative ion in various conformations. For acetylacetone anion in 
a W form A is predicted to occur at 263.3 nm and at 268.8 nm 
fo r an U form. The predicted o sc illa to r strength is .379 for the 
anion in the W form and .159 fo r the anion in the U form. This 
resu lt was observed; the molar absorptivity for the diketonate ion 
in W form was higher than that for the U form.
All transitions were assigned with the aid of the experi­
mental values for the molar absorptiv ities. In order to under­
stand the origin of the species responsible for the absorption of 
cyclic  B-diketones, the luminescences of the compounds were 
investigated. No emission spectra of B-diketones at room tempera­
ture have been observed. At 77K, a ll the cyclic B-diketones 
studied in this work gave observable phosphorescences. All the 
cyclic  B-diketones phosphoresced as soon as the excitng lig h t ,  the 
fu l l  in tensity  of the A-H6 lamp, impinged upon the sample. The 
phosphorescence of 1,3-cyclopentanedione in ethanol has a broad 
and intense feature in the 395-500 nm region. I t  shows some 
in d is tin c t v ibrational structure. In the 370-390 nm region, there 
are indications of very weak bands. 1,3-Cyclopentanedione in 3MP 
shows a broad but intense band in the 460-520 nm region. There is 
a weak band in the 400-425 nm region and another one in the 
430-455 nm region . The spectrum of this compound in 3MP d iffe rs  
greatly  from that of the same compound in ethanolic solution.
This cyclic B-diketone in basic solution has essentia lly  the same 
emission spectrum as that found when the compound in alcohol was
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investigated except that the band in the 370-390 nm is more 
intense. No s ign ifican t fluorescence from 1,3-cyclopentanedione 
is observed by the fluorescence technique. By comparison of the 
spectra of the diketone in ethanol and in basic solution, the
species responsible for the observed emission seems to be the
negative ions of both the keto and the enol form. The band in the 
370-390 nm region was assigned to the keto negative form. The 
band in the 390-500 nm region could be due p a r t ia lly  to the 
undissociated enol molecules in ethanol solution, but i t  is known 
that th is  compound in ethanolic solution can dissociate rather 
eas ily  and thus the negative ion of the enol seems to predominate 
in ethanolic solution and surely is the major species in basic 
solution and is probably responsible for the phosphorescence in 
the 400-440 nm region. The spectrum of 1,3-cyclopentanedione in 
3MP in the 460-520 nm region seems to be due to the keto form.
That band in the 435-455 nm may be that of the neutral enol. The 
phosphorescence spectra for th is  diketone are shown in Figure 27.
1 ,3-Cyclohexanedione in absolute ethanol shows a broad and 
intense phosphorescence in the 395-500 nm region. This band is
very sim ilar to that of the fiv e  membered ring B-diketone with the
exception that i t  does not seem to have the structure around 470 
nm or the phosphorescence bands in the 370-390 nm region that can 
be seen in the 1,3-cyclopentanedione spectrum. 1,3-Cyclohexane- 
dione in 3MP gives a phosphorescence that occurs in the same 
spectral region as that of the luminescence from alcoholic
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Figure 27
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solution, but the non-polar solvent luminescence is much more 
structured and has two distinguishable bands at ~410 nm (24390 
cm"i) and a ~440 nm (22727 cm"^). The observed phosphorescence 
vibrational frequencies of the ground state is 1653 cm“  ̂ which is 
the magnitude of the ground state carbonyl stretching frequency. 
This phosphorescence is very weak re la tiv e  to that from ethanolic 
solution. The phosphorescence of th is  compound in basic solution 
is very intense and i t  occurs in the 390-500 nm region. I t  is 
very sim ilar to that of the compound in ethanolic solution with 
the exception that there is a band in the 360-390 nm region that 
occurs when this compound is in base. This 3-diketone also shows 
no s ign ifican t fluorescence; only a very weak indication of the 
phosphorescence is observed by the fluorescence technique. The 
species responsible for the phosphorescence in ethanolic solution 
seems to be the dissociated and undissociated enol. The assign­
ment appears to be correct since the compound in basic solution 
shows essentia lly  the same phosphorescence. The band that occurs 
in the 360-390 nm of 1,3-cyclohexanedione in basic solution is 
assigned to the keto ion. The weak phosphorescence seen when this  
six membered diketone is in non-polar solvent may be due to the 
keto form since the in tervals  of the structures is s im ilar to the 
carbonyl stretching for the ground sta te , but i t  could be from the 
carbonyl in the neutral enol form which would account for the 
increased in tensity  on the 450 nm region re la tiv e  to that of the 
emission of the enol ion. The phosphorescence spectra of 1,3- 
cyclohexanedione are shown in Figure 28.
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Figure 28
Phosphorescence Spectra of 1,3-Cyclohexanedione at 77K
a. in ethanol
b. in 3MP
c. in sodium ethoxide-ethanol
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1,3-Cycloheptanedione in ethanol gives a very strong phos­
phorescence in the 390-500 nm and a weak one in the 360-390 nm.
Its  spectrum is sim ilar to those of 1,3-cyclopentanedione and
1,3-cyclohexanedione. This compound in basic media exhibits 
basically  the same spectrum although the 360-390 nm phosphores­
cence bands are re la tiv e ly  more intense. In non-polar solvents 
except hexane (e .g . 3MP, n-heptane) a broad band is observed in 
the 360-500 nm region. In hexanes, vibrational structure can be 
observed at 397 nm (25188 cm -i), 424 nm (23585 cm -i), 452 nm 
(22124 cm-i) and 486 nm (20575 cm"^) with ground state vibrational 
frequencies of 1603 cm"i, 1461 cm"i and 1548 cm"^. These 
frequencies are consistent with a ground state carbonyl stretching  
frequency around 1700 cm"i (a perturbed carbonyl stretching) and 
suggest that the phosphorescence involves an excitation of a non­
bonding electron on the carbonyl ground. The observed lumines­
cence by the fluorescence technique is essentially  the phosphores­
cence. The uncorrected excitation spectrum for 1,3-cycloheptane- 
dione both in ethanol and in hexanes give a maximum at ~320 nm. 
This absorption maximum is greatly red shifted with respect to 
that of the compound in ethanol and in 3MP. The excitation  
spectrum is also red shifted with respect to that of the compound 
in basic media, but the s h ift  is less than that for the compound 
in ethanol and 3MP. The species responsible for the phosphores­
cence in ethanol seems to be prim arily  the dissociated and 
undissociated enol forms. The keto negative ion seems to be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
128
responsible for the 390 nm emission. The excitation spectra 
suggest also that the species responsible seems to be the enol 
ion. The species responsible for the luminescence in 3MP solution 
is thought to be the keto form or the non-chelated enol that could 
give the carbonyl vibration . The phosphorescence spectra of
1,3-cycloheptanedione are shown in Figures 29 and 30.
1,3-Cyclononanedione both in polar and non-polar solvent 
gives the same phosphorescence that has vibrational bands at 
approximately 370 nm (27027 cm"^), 395 nm (25381 cm -i), 415 nm 
(24155 cm"i) and 442 nm (22624 cm -i). The vibrational frequencies 
are 1646 cm-i, 1226 cm-i and 1531 cm-i. In the phosphorescence 
from basic solution, a luminescence in the 360-500 nm region is 
observed, but i t  is almost devoid of vibrational structure. The 
emitting en tities  of 1,3-cyclononanedione in polar and non-polar 
solvents seems to be the keto form or possible but not probably 
the non-chelated enol form. The vibrational frequencies do not 
coincide with the carbonyl stretching frequency of the ground 
state . This result is quite plausible because the compound has a 
great degree of f le x ib i l i t y  and thus the observed vibration  
frequencies can be attributed to a rather perturbed carbonyl. In 
basic solution the phosphorescence can be assigned to the keto 
negative ion; i t  is weak compared with that from ethanol and 
hexane solutions. The lack of well resolved vibrational structure  
can be attributed to a rather wide d is tribu tion  of keto ions in 
various conformations. The phosphorescence of the compound in
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Figure 29
Phosphorescence Spectra of 1,3-Cycloheptanedione at 77K
a. In ethanol
b. in hexane
c. in sodium ethoxide-ethanol
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Figure 30
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both polar and non-polar solvents can be observed by the 
fluorescence technique. The excitation spectrum gives a maximum 
at approximately 322 nm. This maximum is in the region of the 
absorption spectrum that was assigned to be due to the keto form. 
The emission spectra of 1,3-cyclononanedione are shown in Figures 
31 and 32.
1,3-Cyclodecanedione in both polar and non-polar solvents 
gives the same phosphorescence that has vibrational bands at 
approximately 363 nm (27548 cm~^), 384 nm (26042 cm"^), 409 nm 
(24450 cm"i) and 438 nm (22831 cm"^). The observed vibrational 
frequencies are 1506 cm“ ^, 1592 cm"  ̂ and 1619 cm"  ̂ respectively. 
These vibrational frequencies are rather sim ilar to the carbonyl 
stretching ground state vibration . In basic solution th is  cyclic  
p-diketone gives rise  to a phosphorescence in the 390-500 nm 
region and a re la tiv e ly  weak one in the 350-390 nm region. The 
phosphorescence of 1,3-cyclodecanedione to a f i r s t  approximation 
is very sim ilar to that of 1,3-cyclononanedione. The main 
difference is in the re la tiv e  in tensities of 370 nm vibrational 
band. In the nine membered ring compound this band is more 
intense than that of the ten membered ring. Another difference is 
that the 412 nm vibrational band is more intense in 1,3-cyclo- 
decanedione spectrum and its  in tensity almost equals that of the 
390 nm vibrational band. The greater in tensity  of the vibrational 
band around 412 nm seems to be due to an underlying band in this  
region which is present in 1,3-cyclodecanedione and not in
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Figure 31
Phosphorescence Spectra of 1,3-Cyclononaned1one at 77K
a. in ethanol
b. in heptane
c. in sodium ethoxide-ethanol
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Figure 32
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1,3-cyclononanedione. The emission observed for th is compound by 
the fluorescence technique is essentially  the phosphorescence.
The excitation spectrum shows an absorption that has a maximum at 
approximately 320 nm. The phosphorescence of th is compound in 
polar and in non-polar solvent is due to both the enol and the 
keto forms. The enol form is believed to be responsible for the 
increase in the in tensity  of the 410 nm band. The study of the 
phosphorescence suggested that the enol fraction  of 1,3-cyclo­
decanedione is greater than that of 1,3-cyclononanedione in a 
sim ilar solution. This resu lt agrees with that obtained by Hiinig 
and Hoch.34 From basic solution, the phosphorescence in the 
higher energy region (350-390 nm) is assigned to the ketonate ion 
and the lower energy phosphorescence (390-500 nm) is assigned 
prim arily  to the enolate ion. The emission spectra for this  
diketone are shown in Figures 33 and 34.
1,3-Cycloundecanedione both in polar and non-polar solvents 
exhibits the same phosphorescence that has vibrational bands at 
approximately 365 nm (27397 cm -i), 390 nm (25641 cm-i) and 410 nm 
(24390 cm -i). This last vibrational band of the ethanolic 
solution is shifted s lig h tly  towards the red: 414 nm (24155
cm -i). The vibrational frequencies are 1756 cm"  ̂ and 1251 cm"̂  
(1486 cm"i for ethanol so lu tion ). In basic solution th is  compound 
shows essentia lly  two phosphorescences: one in the 350-390 nm
region and the other in the 390-500 nm region. The bands at lower 
energy are very intense in comparison with the high energy bands.
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Figure 33
Phosphorescence Spectra of 1,3-Cyclodecanedione at 77K
a. in ethanol
b. in heptane
c. in sodium ethoxide-ethanol
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Figure 34
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The phosphorescence is observed by means of the fluorescence 
technique. The excitation spectrum both in polar and non-polar 
solvents shows a maximum at 310 nm. The phosphorescence of th is  
compound is very sim ilar to that of cyclodecanedione except that 
the v ibrational structure is less well resolved in the spectrum of 
the large molecule in which there is less r ig id ity .  The negative 
ion of the keto form is assigned to be the species responsible 
p rim arily  for the high energy phosphorescence, and the enol 
negative ion is presumed to be that responsible for the 
phosphorescence in the 390-500 nm region. The emission spectra of 
th is  compound seem to indicate that the enol fraction  is larger 
than that of the 1,3-cyclononanedione. The emission spectra of
1,3-cycloundecanedione are given in Figures 35 and 36.
1,3-Cyclotridecanedione in ethanol and in hexanes shows the 
same phosphorescence; there is a broad intense emission in the 
390-500 nm region. I t  also gives essentia lly  the same 
phosphorescence in basic solution, but in base the molecule gives 
a more structured phosphorescence. See Figure 37. The emission 
observed for th is  compound by the fluorescence technique is 
essentia lly  the phosphorescence. See Figure 38. The excitation  
spectra of this compound in both polar and non-polar solvent show 
a maxima at 310 nm. This maximum is red shifted with respect to 
that of the absorption spectra both in non-polar and in polar 
solvents. A s lig h t red s h ift  is observed with respect to that of 
the absorption spectrum in basic media. Thus the resu lt suggests
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Figure 35
Phosphorescence Spectra of 1,3-Cycloundecanedione at 77K
a. in ethanol
b. in hexane
c. in sodium ethoxide-ethanol
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Figure 36
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Figure 37
Phosphorescence Spectra of 1,3-Cyclotridecanedione at 77K
a. in ethanol
b. in heptane
c. in sodium ethoxide-ethanol
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
149
\ /
w a v e l e n g t h ( nm)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
150
Figure 38
Emission Spectra of 1,3-Cyclotridecanedione at 77K
a. in ethanol
b. in heptane
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that the species responsible for the phosphorescence is the 
negative ion of 1,3-cyclotridecanedione. The phosphorescence of 
th is  diketone is very sim ilar to that from acetyl acetone, Figure 
39. This result supports the previous argument that this
1,3-cycloalkanedione is essentia lly  in a U conformation that 
allows the formation of an intramolecular hydrogen bond.
The emission observed in this work for acetylacetone d iffe rs  
from those reported by C h e n g . H e  observed both the 
phosphorescence and a fluorescence in polar and in non-polar 
solvent. In th is work acetylacetone in ethanolic solution gave a 
strong phosphorescence in the 385-460 nm region and a weak 
phosphorescence in the 365-385 nm. No emission could be observed 
from non-polar solvent. In basic media a phosphorescence in the 
380-460 nm region very sim ilar to that of acetylacetone in 
ethanolic solution was observed. No emission was observed by 
means of the fluorescence method. These results indicate that the 
phosphorescence from ethanolic solution is mainly of the negative 
ion which is formed in the excited sta te . The weak emission at 
higher energy is believed to be that of the keto form. I t  is 
worth noting that the width of the phosphorescence band from 
acetylacetone in basic media seems to be smaller than that of 
acetylacetone in ethanolic solution. In Figure 39 the phosphores­
cence of acetylacetone both is polar and in basic media is 
compared with that of 1,3-cyclotridecanedione.
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Figure 39
Phosphorescence Spectra of 1,3-Cyclotridecanedione and 
acetyl acetone at 77K
a. 1,3-Cyclotridecanedione in ethanol
b. Acetyl acetone in ethanol
c. 1,3-Cyclotridecanedione in sodium ethoxide-ethanol
d. Acetyl acetone in sodium ethoxide-ethanol
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The study of these cyclic 3-diketones revealed the pronounced 
e ffe c t of the ring size on the phosphorescence. The enol fraction  
of 1,3-cyclopentanedione and 1,3-cyclohexanedione is very large 
and thus th e ir  phosphorescence seems to be due prim arily  to the 
enol form when they are in a polar solvent. The great s im ila r ity  
of the phosphorescence of these compounds in base with those from 
ethanolic solutions suggests that the phosphorescence is l ik e ly  to 
be due to the dissociated enol molecules. These compounds are 
r e la t iv e ly  acidic in the ground state and they undergo dissocia­
tion  in polar solvent. Thus i t  is very possible that th e ir  
a c id ity  increases in the excited s tate . Since the fluorescence of 
these molecules could not be observed, there is time for dissocia­
tion  to occur before the phosphorescence is observed. The 
observed phosphorescences for 1,3-cyclohexanedione and 1,3-cyclo­
pentanedione in non-polar solvent is that of the keto form since 
the keto-enol e q u ilib r ia  for cyclic 3-diketones sh ifts  towards the 
keto form in non-polar solvent. The phosphorescence of 1,3-cyclo­
pentanedione in non-polar solvents d if fe r  from that of 1,3-cyclo­
hexanedione. This difference is probably related to the greater 
stra in  in the f iv e  membered compound.
The phosphorescence of 1,3-cycloheptanedione in ethanol is 
assigned both to the keto and enol forms but the spectrum of the 
enol form predominates. This conclusion is based on the 
comparison of the phosphorescence with that of the six and f iv e  
membered compounds. The dissociated enol is also possibly
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responsible for the luminescence. This conclusion is supported by 
the s im ila r ity  of the phosphorescence from the basic solution with 
that from the ethanolic solution. In non-polar solvents, this  
compound shows a phosphorescence that has vibrational frequencies 
that are in the neighborhood of that of the carbonyl stretching  
frequency in the ground state . Thus this phosphorescence must be 
due to the excitation of a non-bonding electron on the carbonyl. 
Thus 1,3-cycloheptanedione in non-polar solvent exists prim arily  
in the keto form. As was noted ea rlie r the fact that the observed 
vibrational frequencies do not occur near 1700 cm"i can be 
explained by perturbation of the carbonyl by the ring. In basic 
solution the f iv e , six and seven membered 1,3-cycloalkanediones 
have a weak phosphorescence in the 360-390 nm region. This band 
has been assigned to the keto negative ion (1 ). The position of 
th is  band would be expected to be at higher energy than that from 




Keto Ion Enol Ion
This resu lt would be predicted by the use of simple resonance 
theory. There is a greater electron delocalization in the enolate 
ion than in the ketonate ion. I t  is worth noting that the band
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for these compounds remains the same both in base and in polar 
solvent. This result is due prim arily to the fact that only the W 
form and small d istortion of i t  can exist when the ring is small.
1,3-Cyclononanedione and 1,3-cyclodecanedione in both ethanol 
and hexane have phosphorescences that are very s im ilar. The 
emission of both compounds have vibrational frequencies re la tiv e ly  
sim ilar to the carbonyl stretching frequency for the ground state. 
The observed vibrational frequencies are not in perfect agreement 
presumably because of the great f le x ib i l i t y  of these compounds due 
to  the large ring size. I t  is interesting to note how the 
vibrational in tensities  at lower energy increases in the ten 
membered compound re la tiv e  to those of the nine membered compound. 
The explanation for th is in tensity difference is that a greater 
enolization tends to occur in 1,3-cyclodecanedione than in
1,3-cyclononanedione and the enol and its  enolate ion emit in the 
lower energy region. This argument is supported by UV, NMR and 
infrared studies done by HUnig and Hoch.^** They reported that no 
enol molecule absorption could be seen for the nine membered 
compound. In basic media, 1,3-cyclodecanedione and 1,3-cyclo- 
nonanedione has phosphorescence spectra that are sim ilar to that 
of the f iv e , si % and, seven membered compound but have a very 
d is tin c tiv e  difference in that the bands in the 360-390 nm region 
are more pronounced for 1,3-cyclononanedione. This result 
indicates that there is a re la tiv e ly  large amount of keto form 
present in this compound and that in basic solution the molecules
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undergo dissociation to give the ketonate ion. 1,3-Cyclononane- 
dione in basic solution gives a very broad emission that covers 
the 360-500 nm region. This spectrum seems to resu lt from the 
merger of the ketonate ion band (360-390 nm) with the enolate ion 
band (390-500 nm). Both bands have more or less the same 
in ten s ity . The phosphorescence of the nine membered compound 
could be that of the various conformations of the ketonate system
also in base and in polar media. This result v e rifie s  the E is tert
and Schanck37 assumption that the th irteen  membered ring compound 
exists prim arily in the U form. This form can be achieved due to
the greater size and f le x ib i l i t y  of the ring. The U form is
stab ilized  by the formation of an intramolecular hydrogen bond. 
X-Ray studies on the th irteen  membered diketone were reported by 
Modenbach.75 The studies show that the oxygens are coplanar and 
that the carbon 2 is not completely coplanar with the oxygen.
This work v e rifie s  to some extent Kuo's^ prediction and Yoger 
and Mazur's**^ observation that the enol fraction  tends to increase 
at lower temperatures. Thus from observation of the room 
temperature absorption spectrum of 1,3-cyclodecanedione one would 
predict a very small enol fraction  but phosphorescence studies
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
159
seem to indicate that th is fra c tio n , even though small, is not as 
small as one might have presumed.
Acetyl acetone exists prim arily  in the enol form and adopts 
the U conformation in which an intramolecular hydrogen bond can be 
formed. Once this bond is ruptured, the unchelated form can adopt 
either the U, W or S conformation and any of these forms can emit. 
The negative ion may form in the excited sta te . This study 
indicates that the emission from acetylacetone could be due in 
part to the unchelated molecule in the W conformation or to its  
negative ion. This in terpretation is possible because the W form 
w ill be expected to phosphoresce in the same region where the U 
form emits. This study on the other hand rules out the 
p o s s ib ility  that the emission in the 390-500 nm region is due to 
the keto form or ketonate ion. The phosphorescence for acetyl­
acetone obtained in this work agrees nicely with calculations 
done by Davis^^ on the negative ion of th is compound. He 
predicted that the phosphorescence for the U and W negative ions 
should occur at 422.3 nm and 429.0 nm.
D. 2-Acetylcyclohexanone
2-Acetylcyclohexanone exists mainly in the U enol form in 
which an intramolecular hydrogen bond can be formed. This 
compound in ethanol at room temperature has a single broad band at 
290 nm ( e  ^3912). At liqu id  nitrogen temperature, the position of 
the band is unchanged. This band is s lig h tly  blue sh ifted , 286 nm 
(e ^3583) when this diketone is dissolved in 3MP and the spectrum
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of the compound at either room temperature or 77K is determined; 
see Figure 40.
The 2-acetylcyclohexanone absorption remains unchanged when 
the compound is irrad iated  with the fu ll  in tensity  of the A-H6 
lamp at room temperature. The absorption spectra in both 3MP and 
ethanol at room temperature are the same before and after 
irra d ia tio n . This indicates that no irrevers ib le  photochemical 
reaction occurs at room temperature or i f  a photoreaction does 
occur i t  cannot be observed. Just as in the case of acetylacetone 
and dibenzoylmethane,5 the lack of photochemical change can be 
attributed to the presence of the intramolecular hydrogen bond in 
th is  compound; the hydrogen bond ruptures and reforms after the 
energy has been dissipated. The absorption spectrum of this  
diketone is d iffe ren t before and a fte r irrad ia tin g  the molecules 
at 77K. In ethanol at 77K, the absorption at 290 nm disappears 
afte r irrad ia tio n  for 5 minutes and a new absorption that has 
at approximately 268 nm emerges. Further irrad ia tio n  for 15 
minutes sh ifts  the absorption to approximately 263 nm. After 
irrad ia tio n  for 15 minutes at 77K, and warming to room 
temperature, the band sh ifts  to approximately 286 nm and some 
structure appears. For the compound in 3MP, the same behavior is 
observed, but a longer irrad ia tio n  time is needed to observe a 
sign ifican t change, see Figures 41 and 42. The new band emerges 
at approximately 249 nm when the compound is dissolved in 3MP.
The new absorption seems to be due to the unchelated enol form of
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Figure 40
Absorption Spectra of 2-acetylcyclohexanone at RT
a. 1.2 X 10-4 M in ethanol
b. 1.2 X 10-4 M in 3MP
c. 5.0 X 10-5 M in O.IN sodium ethoxide-ethanol
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Figure 41
Absorption Spectra of 2-acetylcyclohexanone in ethanol
a. at RT
b. at 77K
c. at 77K afte r irrad ia tio n  with A-H6 lamp for 5 
minutes
d. at 77K a fte r irrad ia tio n  with A-H6 lamp for 15 
minutes
e. at RT a fte r irrad ia tio n  with A-H6 lamp for 30 
minutes at 77K
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Figure 42
Absorption Spectra of 2-acetylcyclohexanone in 3MP
a. at RT
b. at 77K
c. at 77K a fte r irrad ia tion  with A-H6 lamp for 5 
minutes
d. at 77K a fte r irrad ia tion  with A-H6 lamp for 15 
minutes
e. at 77K a fte r irrad ia tion  with A-H6 lamp for 30 
minutes
f .  at RT a fte r irrad ia tion  with A-H6 lamp for 30 
minutes at 77K
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2-acetylcyclohexanone. The photoreactions of acetylacetone and 
dibenzoylmethane are due also to the rupture of the hydrogen bond. 
The hydrogen bond seems to be much stronger when the diketone is 
dissolved in 3MP. This greater strength is implied by the longer 
time that is needed to observe a completely new absorption when 
th is  diketone is dissolved in 3MP rather than in ethanol. The 
unchelated enol of 2-acetylcyclohexanone seems to be blue shifted  
when i t  is formed in non-polar solvent. The observed transitions  
are believed to be u* ir type because the values of the 
absorptiv ities are re la t iv e ly  large. The absorption spectrum of 
2-acetylcyclohexanone in basic solution was studied and an 
absorption at 314 nm (e ~7667 cm"^) is  observed. This transition  
is a IT* ir one of the enolate ion, see Figure 40.
In order to study the photoreaction of 2-acetylcyclohexanone 
in r ig id  glasses, the luminescence of this compound in rig id  
glasses has been investigated. No phosphorescence nor 
fluorescence of the compound at room temperature has been 
observed. At 77K, th is  compound phosphorescences as soon as the 
exciting lig h t (from A-H6 lamp) impinge upon the sample.
2-Acetylcyclohexanone in ethanol has a broad phosphorescence 
in the 390-500 nm region. V ibrational bands at 408 nm and at 430 
nm can be observed; the band separation represents a vibrational 
frequency of 1254 cm"^. The phosphorescence spectrum of the 
compound in 3MP is red sh ifted  and has a maximum at 465 nm. This 
luminescence appears in the 420-500 nm region and l i t t l e
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vibrational structure can be observed, 2-Acetylcyclohexanone in 
basic solution has a broad phosphorescence in the 360-500 nm 
region. I t  has vibrational bands at 410 nm and at 445 nm that 
represents a 1918 cm"  ̂ vibrational frequency. The phosphorescence 
of this compound in basic solution is sim ilar to that of this  
diketone in ethanol. The phosphorescence of 2-acetylcyclohexanone 
in 3MP is assigned to the unchelated enol form and in ethanol to 
the dissociated enol. This assignment agrees with calculations  
done by D a v i s on acetylacetone and a-methylacetyl acetone. Davis 
found that the U unchelated enol form of acetylacetone and 
-methyl acetyl acetone should phosphoresce at lower frequencies 
than those of th e ir  respective U anions. The U chelated enol form 
was predicted to phosphoresce at energies even higher than those 
of the U anion. This observation should be the same even i f  
2-acetylcyclohexanone could be in the S conformation. The 
phosphorescence of th is  diketone in basic solution seems to be 
that of the enolate ion, but the phosphorescence in 360-390 nm 
region resembles those of 1,3-cyclohexanedione and 1,3-cyclo­
pentanedione and should be assigned to the ketonate ion.
D a v i s ' s  14 calculations on acetylacetonate ion indicated that 
emission from the ketonate ion should occur basically  in the same 
region as that of its  enolate ions. The phosphorescences of 2 
acetylcyclohexanone in polar, non-polar and basic media are given 
in Figure 43. No fluorescence is observed for th is compound at 
77K. I t  is quite in teresting  to compare the spectra of
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Figure 43
Phosphorescence Spectra of 2-Acetylcyclohexanone at 77K
a. in
b. in
c. in  sodium ethoxide-ethanol
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2-acetylcyclohexanone with those of 1,3-cyclohexanedione. Both 
compounds are more highly enolized than are th e ir completely 
acyclic analogs. 1,3-Cyclohexanedione is very acidic in 
comparison with 2-acetylcyclohexanone. Its  enol form is 
stab ilized  even in solvents incapable of accepting hydrogens.
This resu lt has been explained by assuming that a dimeric enol is 
formed and is held together by hydrogen bonds. Grens and 
c o w o r k e r s ^ s  have recently rejected this assumption. They found 
that substituents at 2 position do not break the intermolecular 
hydrogen bond. This led them to postulate a linear type of 
association instead of cyclic dimeric type.
Acyclic diketones and acetylcycloalkanones are less stable in 
a W configuration because of the interference between groups 
attached to the ends of the system. Davis^** found that the enol 
of acetylacetone in the W conformation w ill be less stable than 
the enol of acetylacetone in the S and U conformation. Thus the 
contribution of the enol of acetylacetone in the W form towards 
the observed phosphorescence w ill be expected to be minimal.
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CHAPTER IV 
SUMMARY AND CONCLUSIONS
The electronic absorption spectra of dibenzoylmethane, 
benzoyl acetone and benzoyltrifluoroacetone have been investigated. 
The absorption spectra c learly  indicate that these diketones exist 
prim arily  in the chelated enol form. At 77K, the charge transfer 
band is red shifted . This observation agrees with those reported 
previously. The absorption spectra at 77K changes upon 
irra d ia tio n  with a powerful UV-visible source. The photochemical 
process is believed to be simply a rupture of the hydrogen bond to 
produce an unchelated enol. This unchelated enol can adopt 
d iffe re n t conformations in the excited state .
CNDO/S-2 calculations on the keto and enol forms of 
dibenzoylmethane in various conformations have been done. These 
calculations c learly  indicate that the absorption spectra are from 
the chelated enol. These calculations also indicate that the 
changes observed in the spectra of g-diketones are due to the 
formation of the unchelated enol.
The chelated enol in non-polar solvent gives a green 
phosphorescence. This phosphorescence disappears with irrad ia tion  
and a blue phosphorescence appears. This blue phosphorescence is 
believed to be from the benzoyl moiety of the molecule. Both the 
green and blue phosphorescence are observed from dibenzoylmethane 
and benzoyltrifluoroacetone in alcoholic solution. The blue and
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the green phosphorescences in dibenzoylmethane are dependent upon 
the excitation wavelength. Exciting at 250 nm gives only the blue 
and exciting at 340 nm gives only the green phosphorescence. A 
mechanism has been proposed to explain these observations. The 
absorption spectra of the negative ion of dibenzoylmethane, 
benzoyl acetone and benzoyltrifluoroacetone have been investigated. 
CNDO/S-2 calculations on dibenzoylmethane and on benzoyl acetone 
anions predict a red s h ift  in the absorption of the ion with 
respect to that of the neutral molecule. The phosphorescence of 
the negative ion of these compounds occurs in the region of the 
green phosphorescence of the neutral molecule.
Prelim inary polarization studies did not indicate any 
preferred polarization of the green and blue emission. Further 
polarization  studies should be done in order to v e rify  this  
observation.
The rate  of increase in the in tensity  of the blue phosphores­
cence as a function of the in tensity  of the illum inating lig h t  
should be done. Most l ik e ly , the build-up mechanism is second 
order with respect to photons.
1,3-Cyclopentanedione and 1,3-cyclohexanedione exist 
prim arily  in the enol form. The electronic absorption spectra of 
these compounds have been investigated in polar, non-polar and 
acid media and basic media. The results agree with those reported 
previously. The observed transitions are ir* ir. The phosphores­
cences observed from these compounds in polar solvent are believed
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to be due prim arily  to the enolate ions. A weak band due to the 
ketonate ion is observed at higher energy. The phosphorescence of 
the negative ions of these compounds are very sim ilar to those of 
the molecules in polar solvents. A weak emission due to the keto 
molecule in non-polar solvent is observed for 1,3-cyclohexane­
dione. For 1,3-cyclopentanedione in non-polar solvents, a 
stronger emission is observed.
1.3-Cycloheptanedione has a re la tiv e ly  large enol frac tio n . 
The electronic absorption spectra of th is compound have been 
investigated. The results agree with those reported previously. 
The observed transitions are believed to be i r * w .  The 
phosphorescence of th is compound in polar solvent is assigned 
p rim arily  to the enol and enolate ion. The phosphorescence in 
non-polar solvent shows vibrational bands that have intervals  
re la t iv e ly  close to the ground state carbonyl stretching  
frequency.
1.3-Cyclononanedione and 1,3-cyclodecanedione have been 
studied. The absorption spectra of these compounds are reported. 
The absorption of 1,3-cyclononanedione in non-polar solvent shows 
vibrational bands that have intervals re la tiv e ly  close to the 
excited state carbonyl stretching frequency. The absorptions of 
these compounds are rather weak. The phosphorescence spectra are 
very structured. The band intervals are re la tiv e ly  close to the 
ground state carbonyl stretching frequency. The phosphorescence 
is  assigned to the keto form in the case of 1,3-cyclononanedione
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and in the case of 1,3-cyclodecanedione to a mixture of the keto 
and the enol forms.
The absorption spectra of 1,3-cycloundecanedione and 1,3- 
cyclotridecanedione have been reported. The enol fraction  for 
these compounds is re la tiv e ly  high; the fraction  is higher for
1,3-cyclotridecanedione. The observed transitions are assigned to 
be a IT* ■(- IT type. The phosphorescence of 1,3-cycloundecanedione 
is sim ilar to that of 1,3-cyclodecanedione, but i t  is less 
structured. The phosphorescence is assigned to a mixture of enol 
and keto forms. The absorption spectrum of 1,3-cyclotridecane- 
dione at 77K suffers changes upon irra d ia tio n . This compound is 
believed to exist prim arily  in the chelated enol form. The 
phosphorescences of th is compound in polar and non-polar solvent 
are very s im ilar. The phosphorescing species is believed to be 
the enol form and its  ion. The phosphorescence of th is  compound 
is very sim ilar to that of acetylacetone. The species responsible 
for the emission of acetylacetone are also the enol form and its  
ion. The phosphorescence reported in this work for acetylacetone 
d iffe rs  from those reported e a r lie r .
The study of cyclic g-diketones c lea rly  illu s tra te s  effect of 
the ring size on the spectral properties. The larger the ring the 
greater is the tendency for these molecules to adopt a U chelated 
enol form. As the ring size increases, cyclic  3-diketones tend to 
abandon the W form to adopt the U form in which chelation can 
occur. 1,3-Cyclononanedione represents the mid-point in this




The electronic absorption spectra of 2-acetylcyclohexanone in 
polar, non-polar, and in basic media have been investigated. The 
absorption of this compound is red shifted with respect to that of 
acetylacetone. This compound in polar or non-polar solvents at 
77K undergoes a photochemical process sim ilar to that of aromatic 
e-diketones. The photochemical process is simply the rupture of 
the intramolecular hydrogen bond. The phosphorescence of this  
compound in polar solvent is assigned to the dissociated enol and 
in non-polar solvent to the unchelated enol. In order to improve 
the understanding of this system the spectroscopy of 1,8-decalin - 
dione should be investigated, and the result should be compared 
with those from acetylacetone. Absorption and emission studies of 
2-acetylcycloalkanone that have larger rings are worth doing. The 
enol content of these compounds with large rings is very small. 
Thus i t  would be interesting to compare the emission of these
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cycloalkanones with those of 1,3-cyclononanedione and 1,3-cyclo­
decanedione. The emission characteristics should be basically the 
same as those for the mentioned 1,3-cycloalkanedione, but the 
acetylcycloalkanone compounds emissions should be blue shifted . 
This prediction is based on calculations done by Davis^** for the 
keto form in the U, S, and W conformations.
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